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SETTING 



Dr. Paul Erhlich, of Population Bomb fame, states that 
humanity has an inalienable right to breathe clean air. Clean 
air is a basic need for man and the life that surrounds man. 
Much ha? be<^n spoken and written about man's desire for clean 
air . 

The broad topic of air pollution has been divided into 
three sections. in the first section the student will study 
the problem air pollution presents for man, plants and animals. 
Seconaiy, the student will study the causes of air pollution. 
Finally, possible solutions to the problem will be discussed. 

Two disciplines, science and social science, will be used 
in studying the air pollution problem, '(jsing both of these disciplines, 
this unit of study will attempt to give ah integrated perspective 
to the air pollution problem." 
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CONCEPTS: PACKET 1 



I. Air pollution has resulted trom technological and social 
needs. 

II. Air pollution if; economically harmful to man with regard 
to higher medicjl costs, increased maintenance costs and 
reduction of ccop yields. 

III. There is a positive correlation between air pollution and 
occurances of emphysema, bronchitis and lung cancer. 

IV. Particulate matter can be transferred from the air to the 
soil and water. 

V. Air pollution detracts from the appearance of the community. 



BEHAVIORAL OBJECTIVES: PACKET 1 



I. Upon completion of this packet the studf • c will, in a 

paragraph of two hundred words or less, escribe three ways 
that technological and social needs cause air pollution. 

II. Given a list of seven items describing the economic results 

of air pollution the student will match each item with either higher 
medical costs, increased maintenance costs or reduced crop yields. 

III. After studying a series of graphs that shows air pollution 
levels and cases of emphysema, bronchitis and Iting cancer 
the student will write two one sentence interpretations of 
not more than twenty words each that shows the possible 
correlation between air pollution and these diseases. 

IV. In two sentences of not inore than twenty words each the 

student will state two effects of air pollution on lung tissue. 

V. Given a diagram which shows how particulates are transferred 
from air to the soil and water the student will list one 
way that particulates are transferred from the air to the 
soil and one way that particulates are transferred from 
air to water. 

VI. The student will list five ways that air pollution detracts 
from the appearance of the community. 



At this time administer the pre-test. 
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PRE-POST TEST 
PACKET 1 



In a paragraph of 200 words or less describe 
three ways that technological and social needs 
cause air pollution. 



In the column on the right is a list of items 
caused by air pollution that you are to match 
with the correct category on the left. 



a. Higher Medical Costs 

b. Increased Maintenance 
Costs 

c. Reduction in Crop 
Yields 



A. Corn yields 
along major 
highways are 
lower than corn 
yields more 
removed from 
traffic 



B. increase in 
respiratory 
di.'sease 



C.^ rotted clothing or 
upholstery 

,D. chipped and peeled 
paint from metal 
and non metal 
surfaces 



E. replacement of 
masonry 

F. higher food bills 

G. Fruit falls from 
plants before it 
is ripe 



PEST cor/ r;.:AiiJiBiE 



study the following graphs and then write two 
one sentence interpretations of not more than 
20 words each of the graphs that support a pos- 
sible correlation between air pollution and 
emphysema, bronchitis and lung cancer. 



^ 1 1 r- 

1970 1980 1990 2000 



prediction based on 
current trends 
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1 1 1 1 n- 

1950 1960 1970 1980 1990 2000 

* ■ prediction based on 

current trends 



1. 



2. 



4. In two sentences of not more than 20 words each 

state two effects of air pollution on lung tissue. 



5 5. Study the diagram shown below and then list one 

way that particulates are transferred to the soil 
and one way that particulates are transferred 
to water* 




1. 



6 6, List five ways air pollution detracts from the 

appearance of the community. 
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P RE-POST TEST ANSWER KEY 
PACKET 1 

Behavioral 

Objective 

Number 



In a paragraph of 200 words or less describe 
three ways that technological and social needs 
cause air pollution. 

Man's needs and wants are responsibj.-; for air pol- 
lution, 1) Man must have transportation and 
automobiles, buses, trains and aircraft cause pol- 
lution. 2) Man roust be warm in winter and cool in 
summer and syst»?ms powered by electricity require 
coal to be burned for electrical generation and, 
therefore, air pollution results. 3) The need or 
want for extra electrical appliances such as trash 
compactors hot combs, electric toothbrushes and 
blenders cause pollution to increase for the same 
reason stated in #2. 

In the column on the right is a list of items 
caused by air pollution that you are to match 
with the correct category on the left. 



a. Higher Medical Costs _B_ 

b. Increased Maintenance 
Costs CPE 

c. Reduction in Crop 
Yields AFG 



A. Corn yields 
along major 
highways are 
lower than corn 
yields more 
removed from 
traffic 



B. increase in 
respiratory 
disease 



C. rotted clothing or 
upholstery 

D. chipped and peeled 
paint from metal 
and non metal 
surfaces 

E. replacement of 
masonry 

F. higher food bills 

G. fruit falls from 
plants before it 
is ripe 
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or: 



u 
o 



3. Study the following graphs and then write two 
one sentence interpretations of not more than 
20 words each of the graphs that support a pos- 
sible correlation between air pollution and 
emphysema, bronchitis and lung cancer. 



c 

C 
< 



< 



T 



^ T 1 r- 

l"bO I960 1970 lOp.o 1990 2000 

'■ = nrf»<i ii-t, f.>n hnsoH nn 

••'irr- Mt I t iMifli 



1 -T 1 1 1 

1950 19A0 1070 19 RO 1990 20nn 

* — prcv^irtion ha??pd on 
cttrrpnt trcndn 



Between 1950 and 1970 the rate of increase in air 
pollutior is nearly the same as the rate of increase 
in respiratory disease. 



Between 1980 and 2000 the predictions indicate a 
continual increase in respiratory disease along with 
steady increases in air pollution. 



4. In two sentences of not more than 20 words each 

state two effects of air pollution on lung tissue. 

1. Air pollution paralyzes and destroys the cilia that 
line the windpipe. 

2. Air pollution sears lungs tissue 

3. Air pollution reduces elasticity of lung tissue 

4. Air pollution indirectly causes lungs to hold mucus 
and water which prevents an adquate exchange of 
carbon monoxide an oxygen. 
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BEST r?" 



5. 



study the diagram shown below and then list one 
way that particulates are transferred to the soil 
and one way that particulates are transferred 
to water. 
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out on soil 



1. Heavy industrial particulates fa'! 
soon 'after leaving stark, 

2. Particles and dust caused by automobiles, trucks « 
etc., settle on soil. 

3. Less heavy particles may be washed out of the air 
to the soil by storms. 

4. Less heavy particulates may be washed out of the air 
by storms and deposited directly into a body of water 
or particulates washed out of the air may drain into 
a body of water after hitting the soil. 

5. Heavy particulates may be directly deposited in 
bodies of water. 

6. List five ways air pollution detracts from the 
appearance of the community. 

1. Black soot on buildings 

2. Chemical corossion of statues and tombstones 

3. Dust on buildings and vegetation 

4. Peeled pain on buildings 

5. Acid corossion of car finish 

6. Discoloration and/or death of plants 



ERIC 



8 



BACKGROUND INFORMATION 
PACKET 1 



The activities in this packet show how air pollution 
problems are related, directly and indirectly, to man. The 
impact of air pollution on man is seen in a greater incidence 
of respiratory disease, increased maintenance cost for equipment, 
clothing and homes, and reduction in crop yields which cause 
higher food prices. 

There is no direct link between polluted air and respiratory 
disease but statistics do indicate a relationship. Air pollution 
works insidiously on the respiratory tract by stripping the small 
hair-like projections (called cilia) from the windpipe. The 
destruction of this natural filter permits airborne particulates 
to penetrate deep into the air passages of the lung. Particulates 
often carry sulfur dioxide and other chemicals that, scientists 
believe, change the defense mechanisms of lung tissue. Once 
these natural defenses are lowered the respiratory tract becomes 
vulnerable to disease organisms and chemical agents that attack 
the lung tissue. 

The exact relationship between air pollution and lung cancer 
is not known but current thought suggests that the relationship 
begins with a breakdown in natural defense mechanisms which 
makes it easier for cancer causing agents to invade the bodyo 

Carbon monoxide is another air pollutant that affects man 
through the respiratory system. Carbon monoxide affects the 
entire body because it reduces the ability of the red blood cells 
to carry oxygen. Carbon monoxide and oxygen have a great af- 
finity for the hemoglobin found in and oxi red blood cells. 
The problem is that when carbon monoxide combines with hemoglobin 
it clings to it with great force. Therefore, the red blood 
cells have little room to carry oxygen and without oxygen the 
body cells cannot release energy and death may result. 

Air pollution costs every family about $300.00 a year. 
Two thirds of this amount is related to health problems and 
costs to residential property. The remaining third is spent 
on costs of repair and replacement or cleaning of clothing and 
upholstery. A small amount is attributed to costs for damaged 
vegetation. 

The activities in this packet are arranged so that students 
may progress at their own rate or all together under greater 
quidance from the instructor. It is important to decide which 
activities can be managed in your particular teaching situation 
and then make sure that these' materials are available for student 
use . 
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INSTRUCTIONAL SEQUENCE 
PACKET 1 



Before starting this unit on air pollution, you should 
give two groups of students the questionaire (Data Sheet 1). 

Behavioral 
Objective 

Number Concept I and II Required Activities: 



A. The readings in the Air Pollution Primer and 

and Progress and the Environment help to develope 
the overall nature of the air pollution problem. 
Behavioral Objective 1 demands that students 
relate man's social and technological needs to 
air pollution. The relationship may not be 
clear to them so the instructor should read 
the readings himself in order to develop the 
relationships later in the class discussion 
designed to knit the behavioral objectives 
together. The paragraph they are supposed to 
write may be handed in, checked for thoroughness, 
unchecked, ets., depending the emphasis you 
choose to place on the activity. It 
is important that they do this preliminary 
reading to help set the stage for the other 
activities including class discussion. 

Concept III Required Activities: 

A. The graphs showing the comparison of emphysema 

in St. Louis and Winnipeg suggests the following 
interpretations: (hopefully you and your students 
will find others) 

1. The total incidence of mild, moderate and 
and severe emphysema for all age groups 
is greater in St. Louis than Winnipeg. 

2. In the 20-49 year old category there 

are no moderate to severe cases of emphysema 
found in Winnipeg while in St. Louis all 
three levels are found. 

3. The total incidence of emphysema seems to 
increase with age. 

4. Greater incidence of emphysema in St. Louis 
is probably related to the industrial 
nature of the city. (For your information: 
population of St. Louis 622,236; population 
of Winnipeg, Canada 243,208) 
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Experimental data that shows exact relationships 
between air pollution and disease is very difficult 
to obtain. However, data such as that from 
the St. Louis, Winnipeg comparison are important 
in making generalizations and outlining possible 
trends. You should try to emphasize this as 
students become involved in the activity. 

The "Air Pollution Kills" graph showing bronchitis, 
emphysema, lung cancer and other respiratory ailments 
(tuberculosis, pneunnonia, pulmonary obstruction, 
etc.,) should be compared to the "Automotive 
Atmospheric Improvements" graph. The comparison 
suggests the following interpretations: 

1* The increase in respiratory disease 
between 19f.O and 1965 appears to be 
directly related to the* increase in 
automobile emissions. 

2. The slowing in the rate of increase of 

respiratory disease appears to be related 
to the reduction of emissions (via the 
emission control devices). 

These two graphs also raise some interesting 
questions: 

1. Will the incidence of respiratory disease 
begin to decrease with the reduction of 
au tomobi le em iss ions ? 

2. The "Automotive" graph shows that emissions 
will begin to increase again in the late 
1980 •s. This will happen because, according 
to present trends, Americans are expected 

to buy more and more cars, therefore more 
emissions because of the increase in the 
number of cars. How will this affect the 
incidence of respiratory disease later on? 

3. Does this data suggest that alternate, 
more effecient means of transportation 
will help to control deaths due to air 
pollution? 

B. The article "I Am Joe's Lung"needs no special 

treatment. It is written in a style that explains 
the technical medical terms or reduces the 
technical term to ^ simple definition that most 
students can understand. You should encourage 
questions based on the article during class 
discussion. 
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C. This is an optional activity. The filmstrip 
"Air Pollution and Lung Tissue" was ordered 
without preview so it is impossible to cite 
any details regarding its use. It will be 
available for loan from the Science Department, 
Parkway North Senior High School, you may order 
it from: 

Society for Visual Education, Inc. 
1345 Diversay Parkway 
Chicago, Illinois 60614 

Order # 428-2, Air Pollution and Lung 
Tissue Sound filmstrip on the effects 
of polluted air on mice are analyzed 
to find effects of atmospheric pollution 
on humans. 53 frames, 12^5 minutes, 
cost: $7.00 for the filmstrip, $6.00 
for the casette tape. 

Concept IV Required Activities: 

A. The reading on pages 77-81 of the Air Pollution 
Primer gives a good example of how an airborne 
pollutant (flourides) may move from air to soil 
and into living systems. Although the possibility 
of Flourides contaminating drinking water is 

not shown it is implied and should be brought 
out in class discussion. 

B. There are several optional activities that 
students may want to do. These experiments are 
outlined in the Eduguip Air Pollution Study 
Program Manual, A copy of this manual can 

be found in the Science Department, Parkway 
North Senior High School, 12860 Fee Fee Road, 
Creve Coeur, Mo. 63141. A copy of the manual 
and a catalogue of supplies and equipment may 
be obtained by writing to: 

Eduquip, Inc . 
1220 Adams Street 
Boston, Mass . 02124 

Eduquip equipment and supplies may also be 
found in the Central Scientific Supply Company 
catalogue. A copy of this catalogue may be 
obtained by writing: 

Cenco 

2600 Kostner Avenue 
Chicago, Illinois 
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The experiments outlined in the student packet for 
Concept IV Activity B, really show how particulate 
matter is transferred throughout the environment. 
If you are not able to purchase the exact 
equipment it may be possible to construct 
alternate pieces of equipment using laboratory 
glassware and tubing. Give those students 
with a scientific "bent" a chance to put some 
of these experiments together. Some of the 
equipment needed for experiments 1-5 are located 
in the science department. Parkway North Senior 
High School. 

6 Concept V Required Activities: 

A. The purpose of this field trip is to help 
students see actual examples of the effects 
of particulates (and related pollutants) on 
the appearance of the community. You will 
need to provide each student with a copy of 
the data sheet. Here are some locations to 
consider as you plan the trip. 

1. East side of the Mississippi 

a. Shell, Clark and Mobil refineries 

b. 01 in Company 

c. Alton Box Board Company 

All the above have very active smoke stacks. 
Evidence of particulate effects on the local 
community would be black, soot material on 
vegetation as well as on any homes in the 
immediate area. 

2. West Side of the Mississippi 

a. Meramec Power Plant (Union Electric) 

b. Portage de Sioux Power Plant (Union 
Electr ic) 

c. National Lead (Titanium Plant), Carondelet 
Facility 

d. Great Lakes Carbon 

e. Monsanto 

f. Cupples Plant (July, 1973 ... Litigation: 
People of Overland vs. Cupples, suit 
brought for particulate discharge that 
caused eye irritation and unsightly 
appearance in the community) 
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All cf the above sites are known for black 
particulate discharge as well as obnoxious 
odors. Evidence of particulate pollution 
detracting from the appearance cf the community 
would be soot coatings on local residences and 
vegetation. It would be good to point out that 
particulate fallout may occur many miles from the 
actual source. 



3. Sites that show effects of particulate 
discharge: 

a. Defense Mapping and Aerospace Center 
is a good place to go to see the 
corrossive effects of air pollution. 
Sulfur dioxide mist and particulates, 
thought to originate from National Lead 
Company, are thought to be responsible. 
Mr. Mike Galloway, facilities Engineer 
for the center is the person to contact 
regarding a field trip to this location. 
Telephone 268-4445. Address all 
inquiries to: 

Mr. Mike Galloway, Facilities Engineer 
Defense Mapping Agency and Aerospace 

Center 
Second and Arsenal 
St. Louis, Missouri 63118 

b. Mr. Jim Clark of the St. Louis County 
Air Pollution Control Commission will 
meet student groups outside local 
cement plants and quarries to discuss 
effects of particulate fallout from 
these industries. Mr. Clark may be 
able to arrange for students to talk 
with local residents to get their 
feelings on the particulate discharge. 
Contact Mr. Clark at 726-1100. 



c. When cement dust mixes with water vapor 
(or water droplets on a surface) it 
forms a basic substance with a ph of 10 
or 11. The resulting product is caustic 
and comparable to a weak solution of 
Drano. The effects of this type of 
particulate pollution may be seen at 
Bethlehem Cemetery Located on Bellefontaine 
Road just North of Missouri Portland 
Cement Co. The cemetery custodian 
complains that he cannot keep tombstones 
clean. This is because the pollutants 
cause pits to develop in the stones and 
the cement and water "slurry" coats the 
stones. A trip to Bellefontaine Cemetery 



may be arranged by calling the cemetery 
office. 

4. Mr. Bill Haggar of St. Louis Air Pollution 
Control Commission can recommend sites in 
in St. Louis that can be visited to see the 
effects of particulate pollution. Arrange- 
ments can also be made through hijn to visit 
Monitoring stations and laboratories. 
Telephone 453-3334 

B. The class discussion should be held at the end 
of the packet when everyone has completed the 
activities. If the students are moving at dif- 
ferent rates through the activities several 
smaller discussions will have to be held in lieu 
of one large group discussion. This is not to 
say that discussions should not be held at other 
times. Small groups or even the large group 
may need to be brought together to clarify or 
emphasize various concepts encountered in the 
activities. The purpose of the concluding class 
discussion is to help the students draw to- 
gether all the concepts studied into a whole. 
This discussion will help them to prepare for 
the post- test as well. Particular attention 
should be given to the first concept during the 
discussion. Most of the activities provide 
inferences about the relationship of air 
pollution and man's technological and social 
needs. The readings in Progress and the 
Environment should be reviewed during discussion 
questions. 



At this time administer the post- test. 
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SETTING 



BEST V 



Air pollution is a complicated problem that has creited 
unrest among people. Apathy is not the answer and merely 
complaining about pollution will not make the problem 
disappear. 

The purpose of the following packets will be to provide 
some experience with specific air pollution problems that affect 
plants and animals including man. Consideration will be given 
to the cost of pollution control and, more importantly, how 
puch air pollution is costing each of us every day in terms 
of health, destruction of crops and maintenance of our homes 
and equipment. An understanding of the problem is the basis 
for formulating possible solutions which will be considered 
in later packets. 
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CONCEPTS; PACKET 1 



I. Air pollution has resulted trotn tecanological and social 
needs . 

0 

II. Air pollution is economical harmful to man with regard 
to higher medical costs ^ increased maintenance costs and 
reduction of crop yields. 

III. There is a positive correlation between air pollution and 
occurances of emphysema, bronchitis and lung cancer. 

IV. Particulate matter can bo transferred from the air to the 
soil and water. 

V. Air pollution detracts from the appearance of the community. 



BEHAVIORAL OBJECTIVES: PACKET 1 



I. Upon completion of this packet the student will, in a 

paragraph of two hundred words or less, describe three ways 
that technological and social needs cause air pollution. 

II. Given a list of seven items describing the economic results 
of air pollution match each item with either higher medical 
costs, increased maintenance costs or reduced crop yields, 

III. Alter studying a series of graphs that show air pollution 
levels and cases of emphysema, bronchitis and lung cancer^ 
the student will write two one sentence interpretations of 
not more than twenty words each that shows the possible 
correlation between air pollution and these diseases, 

IV. In two sentences of not jnore than twenty words each the 

student will state two effects of air pollution on lung tissue, 

V. Given a diagram which shows how particulates are transferred 
from air to the soil and water the student will list one 
way that particulates are transferred from the air to the 
soil and one way that particulates are transferred from 
air to water. 

VI. The student will list five ways that air pollution detracts 
from the appearance of the community. 



At this time take the pre-test. 

Obtain a copy from your teacher* 
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ACTIVITIES 



Behavioral 
Objective 

Number Concepts I and II Required Activities: 

1&2 A. The following readings will provide the back- 

ground you need for objectives 1 and ?. . These 
books may be obtained from your instructor. 

Objective 1: Air Pollution Primer, National 

Tuberculosis and Respiratory 
Disease Association, page 7. 



Progress And The Environment , 
by Shaver, Lark ins and Anctil, 
Chapter 1. 

Objective 2: Air Pollution Primer, pp. 84-87. 

Progress And The Environment, 
pp. 69-72. 



Wlien you complete the readings write a paragraph 
summary of the ways that man's technological and 
social needs cause pollution; and, describe 
some of the ways that air pollution results in 
higher medical costs and reduced crop yields and 
increased maintenance costs. 



3 Concepts ill Required Activities: 

A. The following activity is related to objective 3. 
Study the following graphs on the following page 
and answer the study questions that follow. 



ERIC 



3 



ST. LOUIS 



WINNIPEG 




2049 YEARS 



50-69 VEARS 



70 YEARS 
AND ABOVE 




NEGATIVE 



MILD 



SEVERE 



MODERATE 



« in » iq6Q-66 nost-mortetn examination ot 
Prevalence of emphysema, as found ^ jo^^^ ^ and an 

ihe lungs of 300 res-dents of . "^^^ The subjects were 

equal number from ^elat.vely unpolluted Wmn^^^^^ ^^^i^^^e. 

irS^::^a».rfS^^^^^^^^^ surest a ..K between 
. arSollufon and pulmonary emphysema. 

These graphs were taken from the Air Pollution Primer, National 
Tuberculosis and Respiratory Disease Association. 
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Air poNutkm kUlt 

Death rates from diseases associ- 
ated with air are climbing. 



AUTOMOTIVE ATMOSPHERIC IMPROVEMENTS 
IN UNITED STATES 




This graph taken from National 
Wildlife, 1971 Environmental 
Quality Index* 

Study Question: 

1. Write two interpretations of the emphysema 
graphs (St. Lou is vs . Winn ipeg , Canada ) tha t 
show the possible relationship between air 
pollution and the prevalence of emphysema. 

2. Using the "Air Pollution Kills" graph and the 
"Automotive Atmospheric Improvements In United 
States" graphs list two examples of the 
possible relationship between automobile 
emissions and lung cancer, emphysema and 
bronchitis . 

3* What might happen to the incidence of lung 
cancer and emphysema in the United States by 
1980? 1990? 
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B. The following article, I Am Joe* s Lung, will 
provide backgroung for objective 3. As you 
read make a list of ways that air pollution 
can effect lung tissue. 



ReadeiS Digest 



An inside glimpse of a vital and delicate organ-which 
desenes a lot better care than it generally gets 




You K^ow dozens <»t pc*.plc 
like Joe. He is 47, •^ucccsstUl. 
happily married. Joe's he.ui 
and stomach have alrc.idv uAd thcu 
stones m this nugazine.* Now it's 
my turn. 

i an^ Joe's right lun^r. y.id I claim 
the privilege of speakm^^ since I am 
slightly l.Kcer than n;> par;ner in 
the left side ui h:s cheu. 1 have three 
lobes — sect:<jns — uhi:c the !e:t h.i^ 
only two. Joe would be surprucd it 
he could see me. He thinks of me as 
2 kind of hollow, pink football blad- 

Ihgni. Apnl 67. '1 .*>m |oc*v St imjvh.** 



der hanging in his che^r. Tm not 
much hive that at all. I am not hol- 
low— if you cut through mc, I 
would look si»mething like n rubl>cr 
bath sponge. And I am not pink. I 
was when Juc was a baby. Now, a 
quarter of a million cigarettes plus 
half a billion breaths of dirty city air 
later. I am an unattractive slatc-gray 
with a mottling of black. 

There arc three separate, sealed 
compartments in Joe's chest : one ior 
mc, one for the left lung, one for his 
heart. I hang loosely in my compart- 
ment, filling It completely, and 
weigh a little over a pound. 
1 have no muscles and hence play 
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THE REAL 

\ p.i^^i'.c rule in breathing. There is 
a ^Iicht v.icuum in my connpnrt- 
nient— so when Joe's chest expands, 
I expand. When Joe exhales I col- 
l.ipvc. It IS simply a recoil mecha- 
lu^m. Let Joe puncture his chc. wall 
w) .m accident and my vacuum is 
broken. 1*11 h.mg loosely, doing no 
work, until healing takes place and 
the \.icuur.^ IS re established. 

T»ke a closer lonk at my architec- 
ture. Jf.e\ foiir-inch-hiiig windpipe 
divides at its lower end into two 
main bronchial tubes— one for me, 
one for m> partner. Then branching 
b.-ins in me — like an upside-down 
tree. First the larger bronchi, then 
the brcnch:oles i/ioo of an inch in 
diameter. These arc simply air pas- 
sages. M\ real work is done in my 
alveoli -grape-like bunches of mi- 
nute air sacs. I have some 250 mil- 
lion of these sacs. Flattened out, 
rheir tissue would probaBly cover 
halt a tennis court. 

Each alveolus is covered with a 
cobweb of capillaries. Biocd is 
pumped b\ the heart into one end of 
a -.rMlIurv. Red cells pass through 
sirjK.c-:''e — jMss.igc taking abc»ut a 
H-cond-.iP.d a reni.>rkable thing 
takes ; !uce. Thr(.ugh the gossamer 
irxmbrane of the capillary wall, the 
cells difluse their cargo of carbon 
dioxide xr.U) my alveoli. At the same 
nme. the cells pick up oxygen going 
ihe oihcr w.4>. It's a kind of gaseous 
su ap ^hop — hlue blood flowin g in 

Uiu K. i\ ^jw.i Ufjjfl\ „n inurvirw* 

v^itS Ur. Vv.fi Oth.ntf and Ji^^r^t H. H^uh. 
of t.v u.,- J f-rud Ciih^ncf Clinic m Vcw 
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one end of the capillary, emerging 
refreshed and cherry-red at the other. 

Joe's more important body organs 
— notably the heart— arc under au- 
tomatic control. Most of the time 
this is true of me, too, though I am 
Under voluntary control as well. As 
a child, Joe had temper tantrums 
and would sometimes hold his 
breath until he turned a faint blue. 
Hismo:hcr worried— unnecessarily. 
Long before he got into any real 
trouble, automatic respiration would 
Ukc over. He would start breathing . 
whether he wanted to or not. 

My automatic breathing con- 
trol is in the medulla oblongata— I 
the bulge where the spinal cord taps 
into the brain. It's an amazingly 
sensitive chemical detector. Labor- 
ing muscles burn oxygen rapidly 
and pour out waste carbon dioxide. 
As it accumulates, the blood be- 
comes slightly acid. The respiratory 
control center detects rhxs instantly 
—and orders me to work faster. Let 
the levels rise high enough— as 
when Jfje does heavy exercise— and 
it orders deeper breathing as well — 
one's "second wind." 

Lying quietly in bed, Joe needs 
about eight cjuarts of air a minute. 
Sitting up requires iC; walking, 24; 
running. 50. Since Joe is a desk 
worker, he has no large oxygen de- 
mands. Normally, he breathes about 
16 times a minute— a pint of air each 
time. (This only partially inflates 
me I can hold eight times as much.) 
Even so, not all of that one-pint 
breath reaches me; one third of it 
shuffles aimlessly in and out of the 
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windpipe and other air passages. 

I like my air just about as moi^t 
and warm as that in a tropical 
swamp. Producing this very special 
air in the space of a few inches is 
quite a trick. The ^me tear glands 
that bathe Joe's eyes, plus other 
moisture-sccreting glands in his nose 
and throat, produce as much as a 
pint of fluid a day to humidify my 
air. Surface blood vessels along the 
same route — wide open on cold 
days, Closed on warm days— take 
care of the healing job. 

There is an .almost endless list of 
things that can cause me trouble. 
Each dav, )<< breathes in a variety 
of bacteria and viruses. L] sozyme in 
the nose and throat, a powerful mi- 
crobe slayer, destroys most of these. 
And those that slip into my dark, 
warm, moist passages— a microbial 
happy hunting ground— I can usu- 
ally handle. Phagocytes patrol my 
passages and simply wrap them- 
selves around jnvaricrs and eat them. 

Dirty air, of course, is my biggest 
challenge. Other organs lead shel- 
tered, protected lives, but for all 
practical purposes I am outside Joe s 
body— exposed to environmental 
hazards and contaminants. I am 
really quite delicate, and it's a won- 
der I 3n^ able to survive at all, hav- 
ing to deal with such things as sulfur 
dioxide, benzopyrene, lead, nitrogen 
dioxide, f ince some of them actually 
melt nylon stockings, you can guess 
what they do to mc* 

My air-cleaning process— such as 
it is— begins with hairs in the nose, 

which trap large dust particles. 
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Siickv mucus in nose, throat and 
bronchial passages acts as flypaper 
to trap finer particles. But the real 
defining ]<h falls to the cilia. These 
.ire microscopic hairs— tens of mil* 
lion; of them— along my air pas- 
^.iges. They wave back and forth, 
hke wheat in the wind, about la 
t.me^ a second. Their upward thrust 
swttps mucus from lower passages 
to the throat, where it can be swal- 
lowed. 

If ](< could watch my cilia under 
a m:cr( scope, he'd .sec that if ciga- 
rette smoke or badly contaminated 
air is blown on them, the wind-in- 
the-.'.heatfield action stops. A tem- 
porary paralysis sets in. Let this 
irritation continue long enough, and 
the c.lia wither and die. never to be 
replaced. 

After 30 years of smoking, Joe has 
lost most of his cilia, and mucus- 
secreting membranes in his air pas- 
sages have iliickened to three times 
normal size. Joe doesn't know it, but 
he is in actual danger of drowning. 
If enouijh mucus dn ps down into 
m> u r sacs, it halts breathing just as 
effe:tivcly as a lungful of ^vatcr.One 
thir^«: ^>avcs Joe from this: his noisy, 
inc.'kient smoker's cough, . **ich 
has rcpl.iced the quiet eflFicic^rr 7 of 
the cilia. Joe mi^^ht remember that 
it's the only cle uung method left to 
me — and be cautjous .^bout taking 
cou*:h-suppressing drugs. 

A large pan of the time, Joe is ask- 
.rji; me to breathe real garbage. 
So.Tic uf the p.ir'ji.lts clog my small- 
er pa^sagc^. and >t;rt-ic actually scar 
my tissues. The fragile walls of my 



8 



Tfii: ki iDLR's p/arsT 



alvfoh lose cl.isticily. Thty doni 
collapse thvuuv thcv shi»'.;ui wlx/. I 
exhale. (Thus it is possible to brcaihc 
ii> but not out.) Carbon dioxide is 
trapped in them, and rhcy ijn pf. 
lonj^cr C(»ntrihut<r uxy^cn ti» thv 
blood or cxTracT waste carhun duA 
idc. The result is emphyst-m.i—a 
fearsome trial in which each breath 
represents a fi^^hr Un survival. 

Although Joe doesn't know it, this 
has already happened to a few mil- 
lion of my alveoli. Since Joe has 
about eight times the lung cap jcity 
he needs for desk work, lie still has 
plenty of reserve. But lately he has 
noticed ihat even a small anu)unr ot 
exertion brings on breathlessncss. 
Tm warning him. 

Joe should heed the old medical 
My»^g» "If i*rc aware that you 
have lung\ you arc already in trou- 
ble/* and take a httle better care 
of me. In the main, this means ^iiv 
ing me better air to bre.ahc. The bi- 
thing, of course, uouldbc lugive up 
smoking. Shf>ri uf this, there are 
other things he can du. There is .i 
small, reasonably priced machine 
which circulates r^nnu air thrf>ugh a 
rhm bed of aciivatcd carbon — the 
stuff used in gas masks— and 
cleanses this air of chemicals deadh 
to my tissues. One in Joe's bedroom 
would give me some eight hours of 
protection, and another in hisv^ffice 
would provide eight more. 

A little more exercise and more 
sensible eating would be in order. 



An\ general bmly exercise — climb- 
ing stairs, walking, I'^ggmg, sj^orts — 
iorces me to breathe nii^ic deeply, 
which IS all to the good. ;\nd there 
are exercises tor me aUjne. Ordi- 
n,nil\, the best breathuig is deep 
breathing-^ more air at a slower 
pace. Joe cmikl pr.ictice abdi^rmnal 
bre.iihnig, the '.v.iy babies .md «>pera 
singers du u: ni.-t by inflaimg the 
nunly chest, but by dropping the 
diaphragm down. Then air is sucked 
into even my df^^p^^sr alveoli. 

Joe could also give me a housc- 
clearung a few limes each d.iv. lie 
thinks that with a normal exhala- 
tion Tm empty. Hy no means. Let 
him blow out all the air he can via 
his mouth. Then if he will purse his 
lips, he can do quitea Int mtireblow 
ing. If he does this while smoking* 
he will see something that shnuld 
give him pause: smoke trailing out 
through I" is pursed hps that would 
normally be left in me to stagnate. 

It all adds up U) this: Most of my 
neighbf^r organs can absorb an Cintc- 
m/)us amount of abuse without 
complaint. I can't. Nature hasn't 
equipped me with ail the dclenscs I 
ically need in today's world. That » 
why a variety of lung tliseases have 
reached epidemic pn;porti(jns. 

Hoss Joe, take heed! 



Rcprintft of this articlf are avatbblc. 
Prico. postpaid to one addfis: lu — 
50— $a: ion — $J.^o; ^oo-JiJ^o; io»>o 
— Ss8. Address Reprint Editor. The 
Reader'* Digest, PleauntvjUc. N.Y. 10570 
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B. The Following article, I Am Joe's Lunq» will 
provide background for objective 3. As you 
read make a list of ways that air pollution 
can effect lung tissue. 

C. The following activity is an OPTIONAL sound 
filmstrip on "Air Pollution And Lung Tissue". 
Your instructor will be able to tell you if 
the filmstrip is available. 

Concepts IV Required Activities: 

5 A. Read pages 77-81 in Air Pollution Primer and 

pages 132-133 in Environmental Pollution. 
These readings will provide the necessary 
background for this concept. 

5 B. These experiments are OPTIONAL activities 

that permit an in depth study of the effects of 
particulates on the environment. Your instructor 
can tell you if the materials for these experiments 
are available. Details on how to set up the 
following investigations are outlined in Eduquip 
Air Pollution Study Program Manual. 

1. Dust and Particulate Fallout 

2. How Dirty Is The Air In Your Town? 

3. High Volume Particulate Sampling Indoors 

4. High Volume Particulate Sampling Indoors vs. 
Outdoors 

5. Air Pollution Analysis 

Concept V Required Activities: 

6 A. There will be a field trip to provide back- 

ground for this concept. The trip will visit 
various locations in St. Louis City and County 
that illustrate the effects of particulates 
(and the pollutants related to them) on the 
appearance of the community. Use Data Sheet 1 
on this field trip. Your teacher will privide 
you with a copy upon which to write. 

1-6 B. A class discussion will be held upon completion 

of the activities in this packet. 



At this time take the post test, 
Obtain a copy from your teacher. 
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DATA SHF-ET 1 

AIR POLLUTION FIELDTRIP TO ST. LOUIS CITY AND COUNTY 

This activity provides the necessary background for Concept V, 
Activity A. 

Use the following chart to record your observations during the 
trip. 









Kind of location 
vis ited ( factory , 
quarry , refinery , 
etc . ) 


Kinds of particulates 
produced (black smoke, 
limestone dust, soil 
dust, etc.) 


Effects of particulates 
on surrounding area 
(discoloration or 
or chemical corrosion 
of buildings, cars, 
local plants and 
animals) . 
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CONCEPTS: PACKET 2 



I. Plant growth is affected by air pollution. 

II. Clean air is a basic need for most living things. 

III. Peppered moths are examples of the correlation that exists 
between an air pollutant and the survival of a species. 

Concepts BEHAVIORAL OBJECTIVES 

I. 1. Given a diagram of a plant the student will use 

arrows to identify the parts that are affected 
by carbon monoxide and list at least one effect 
of carbon monoxide on each of those parts. 

I. 2. After completing a laboratory report using the 

format recommended by your instructor the studen 
will list two effects of ethylene gas on the 
growth of bean seedlings. 

II. 3. In a single written sentence the student will 

be able to state why clean air is needed by 
most living things. 

III. 4. In an essay of not more than 300 words describe 

the relationship between air pollution §nd 
the survival of peppered moths. 



At this time administer the pre- test. 
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P RE-POST TEST 
PACKET 2 



Behavioral 
Objective 
Nurobsr 

1 i. Use arrows to identify three parts of the 

plant ( shown below) that are affected by 
carbon monoxide and list the effect of carbon 



monoxide on each part. 




2 2. List two effects of ethylene gas on the growth of 

bean seedlings. 

1. 
2. 



3. In one sentence state why clean air is needed 
by most living things. 

1. 



4 4. In a paragraph of not more than 200 words describe 

the relationship between air pollution and survival 
of peppered moths. 
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Behavioral 

Objective 

Mtunber 



PRE-POST TEST ANSWER KEY 
PACKET 2 



1. Use arrows to identify three parts of the 
plant ( shown below) that are affected by 
carbon monoxide and list the effect of carbon 
monoxide on each p art. ^jj^O ^ death of 



slowed growth 
of plant 




younger leaves 

are smaller 
pse unaf- 
ected by Co, 

localized spotting 
on older leaves 
due to cell death 



List tMo effects of ethylene gas on the growth of 
bean seedlings. 

Roots do not penetrate soil 

2. Stems do not elongate 

3. Stems curl or twist 

4. Leaf growth is slowed 

In one sentence state why clean air is needed 
by most living things. 

i. Clean air is needed to maintain the natural 

balance and cycle of oxygen and carbon dioxide 
between green plants and other living things. 



4. In a paragraph of not more than 200 words describe 
the relationship between air pollution and survival 
of peppered moths. 



The production of smoke as a result of burning 
coal to heat homes caused trees in the London 
area to blacken. Originally the tree trunks 
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were lighter in color. The peppered moths, 
of which there is a range of color varieties 
from light to dark, frequently rest on the 
trunks of these trees. Before the trees were 
blackened the predatory birds would pick off 
the darker color ^moths. With the advent of 
blackened trees the birds began to eat the 
lighter variety. As a result, the darker 
variety predominates today. 
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BACKGROUND INFORMATION 
PACKET 2 



At tor students qo throutjh tho packet they will probably 
hnvo a t ondency to say that cill plant damage they see in the 
future 12:-; caused by air pollution. This is a dangerous 
•fenora I izat ion to make. While there is no doubt that air 
{dilution -.iamavjes plants, much of this damage is very 
sjimilar to damage caused by mineral deficiencies. The 
possibility that plants along highways may be harmed in 
sonif way by carbon monoxide becomes a reality when an experiment 
is conducted under controlled conditions in the laboratory. 
These controlled experiments are necessary to remove the 
variable of mineral nutrition. The instructor should try to 
develop a questioning attitude among students with reqard to 
the effects of air pollution on plants and avoid loose generali- 
zations . 

There is no doubt that man can influence his own 
existence through air pollution. The human machine (with special 
emphctsis on the respiratory system) cannot exist optimally within 
a polluted environment. The possibility exists that increased 
levels of air pollution could cause the extinction of man. 
While this is not a pleasant topic it should be considered by 
students, not from the "doomsday" approach but, rather from 
thf^ position that man has the ability to solve a problem once 
it is recognized. 

The peppered moths are a very good small scale example of 
the effects of air pollution on the animal world. The 
instructor should make a great eftort to show the broader 
implications contained within the peppered moth example. 
If man's pollution can influence the survival of a variety of 
peppered moths why would it not be possible for man to 
influence his own survival as a species? 
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INSTRUCTIONAL SHQUKNCl-: 
PACKKT 2 



Behavioral 
Objective 

Number Concept I Required Activities: 

1 A. The film loop clearly shows the effects of 

carbon monoxide on bean plants. Be sure to 
view it yourself and encourage questions 
during class discussion. If you have a 
student who would like to try this experiment 
here are some guidelines: 

1. The experiment should be conducted under 
a fume hood or near an exhaust fan (open 
window would also do) away from large 
groups of students. Although, large 
quantities of carbon monoxide are not 
produced assuming that no more than 20 
mis of formic acid are used each day. 

It is not a good idea to risk breathing 
even small amounts of this gas. 

2. Plastic bags may be substituted for the 
aquaria covers shown in the film loop. 

3. We used 18 molar sulfuric acid and 88% 
formic acid to produce the carbon monoxide. 
These materials should be available in the 
chemistry department of your school. 
Certainly, sulfuric acid would be available. 
Formic acid may be obtained from the 
Science Department of Parkway North Senior 
High School, 12860 Fee Fee Road, Creve 
Coeur, Mo. 63141, if it is not available 

in your school. 

4. Beans work well for this investigation 
but encourage the use of other types of 
plants to see if the results in the film 
loop are consistent for a variety of 
plants . 

The Data Sheet 1 should help the students to make 
a list of the important effects of carbon monoxide 
on bean plants. The film loop shows that most of 
the damage was localized on the leaves. This is 
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typical of many plants affected by air pol- 
lution. We made no attempt to show the possible 
effect of carbon monoxide on root growth* 
Hopefully, y>omo students would question this 
since it is not shown. The difference between 
the length of tlu> control and experimental 
plants is slightly significant. Remember that 
these results were shown at the end of just 
two and one half weeks and, if continued, the 
effect of carbon monoxide on the plants would 
most likely be more generalized and severe* 

2 B. The instructions for this activity are essential- 

ly the same as those for Activity A above. There 
is no danger to humans ^s a result of breathing 
ethylene gas although it has been observed to 
cause early abortion in mice. The primary 
sour<^e of ethylene gas as an air pollutant is 
the automobile • Additional sources include 
industry, especially those involved in the 
manufacture of paint and paint components. 
Encourage your students to set up their own 
experiments using different kinds of fruit 
other than apples, Bananac, peaches and 
avocados are also good sources of ethylene 
as they ripen. You might even encourage some 
students to determine the effect of ethylene 
gas on adult plants. This would provide a 
good contract to the film loop that focused 
on bean seedlings. 

Data Sheet 2 should provide enough space for the 
students to record their observations. Be sure 
to discuss this activity at the end of the 
packet, especially from the standpoint of 
pollution effects on food sources for man and 
other aiiirnals . 

This activity calls for the students to write 
a laboratory report. It is possible to write 
a laboratory report by observing a film loop 
if the students watch it carefully and write 
down their observations. The film loop "Effects 
of Ethylene Gas On Bean Seedlings" describes 
a problem, shows the procedures and outlines 
the results. In a science class the laboratory 
report would be quite detailed in covering the 
points listed below. A modified form of this 
report would be acceptable but it is very 
important that the students record and interpret 
the results of the experiment as shown. Students 
should see the film loop at least twice in 
order to appreciate the effects of ethylene gas. 
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PARTS OF A LABORATORY REPORT IN SCIENCE 



1. Problem. . .stnted as question. Example: 
What will polluted air do to the growth 
of bean seedlings? 

2. Relevant Information. .. facts that are 
already known about the prnbleiTi from 
previous experiments. This information 
may come from books, magazines, films 
and is used to make a workable hypothesis 
and interpret data which comes at the end 
of the report. 

3. Hypothesis .. .a prediction about what might 
happen as a result of the experiments. 
Example: If bean seedlings are exposed 

t-.o ethylene gas then the stems will not 
elongate . 

4. Procedures ... If the students were doing 
this experiment themselves they woult"" 
list all the materials and methods they 
used. In this case, however, students 
may simply refer . their reader to the film 
loop for a complete list of materials and 
procedures . 

5. Results .. .Usually includes a chart or 
graph (or both) that presents a "picture' 
of the results. 

6. Interp'-f^ tatioita. . .The student reads the 
chart or graph and attempts to write all 
the possible meanings. Then using the 
relevant information they may atten.pL to 
isolate one or two of the best interpretations 
that are supported by present facts. 
Further, the student should discuss those 
findings that are not in agreement with 
known facts. 

7. Conclusions .. .A response to the hypothesis. 
Example: Hypothesis is valid. Hypothesis 
invalid. Hypothesis inconclusive (not 
enough data to support either validity or 
invalidity) . 

The film strip and casette tape on "Smog and 
Plant Growth" was ordered without the benefit 
of preview. it can be borrowed from the Science 
Department, Parkway North Senior High School, 
12860 Fee Fee Road, Creve Coeur, Mo. 63141. 



D. This article provides a good overview of the 

biological effects of air pollution. The students 
are not told to take notes or write a summary 
of the article because it was intended as 
general background for class discussion. 
During class discussion try to develop the 
ideas presented about the effects of air 
pollution on r-.-sn and upon the plants and 
animals in food chains leading to man. 

oncept II Required Activities: 

Both choices (1 and 2) provide underlying 
reasons why clean air is needed by most living 
things. Kiether article lists exact reasons 
why clean air is necessary so you will probably 
have to give some help. Remember that animals 
and green plants (those that have chlorophyll 
and carry on photosynthesis) are involved in a 
life support exchange: green plants release 
oxygen (O2) and animals release carbon dioxide 
(CO2). This cycle is primary to the maintenance 
of life on earth. Air pollutants such as 
carbon monoxide (CO), ozone (O3), and nitrous 
oxides (NO2) also cycle through air to plants 
and cause a variety of ill effects such as 
leaf spot, slowed stem growth and leaf yellowing. 
There is a direct suffocating effect of carbon 
monoxide on animals while ozone and nitrous 
oxide are thought to be harmful to lung tissue. 
So, when we think about clean air we think of 
the ncvriiai percentages of carbon dioxide, 
oxygen and nitrogen with minimal levels of 
pollutants. It is when the air pollution levels 
rise and operate on the living systems via 
naturally occur ing cycles that we see the need 
for clean air for most living things. Using 
the word "most" implies some exceptions. There 
are some organisms (mainly bacteria) that do 
not require air for life. They are called 
anerobic organisms and are excused from the 
generalization that most living things require 
clean air. However, when you consider that most 
of the anerobic bacteria are involved in the process 
of decomposition and that the things they decompose 
were once plants and animals that required clean 
air, you that even these anerobic organisms 

depend indirectly on clean air. 
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Concept III Required Activities: 



A. All three of these activities are excellent 
ways of showing how pollution ran influence 
the survival of a species. The particular 
example of the peppered moths demonstrates 
an indirect effect of man's activity. The 
black smoke (produced by man's activity) 
lands on the tree trunks (where peppered 
moths rest) , therefore camouflaging the black 
variety while exposing the light variety to 
stand out to predation by birds. The hypothesis 
is that if birds eat more and more of the light 
variety there is a danger that their numbers 
will fall below that level which is considered 
necessary for breeding potential which could 
result in the extinction of the light variety 
of peppered moths. 

Many students will say "so what" to the 
extinction of peppered moths. You should 
help them to see the implications of this for 
man. If man influences the survival of insects 
through pollution activities could he not 
influence his own survival. A statistical 
comparison of air pollution and respiratory 
disease (Packet 1: Air pollution and Man, 
Activity III A) may indicate that man does 
have the capability of eliminating himself 
as a species. While most of us would assume 
that Homo sapiens have enough innate intellegence 
to avoid this, it is nevertheless, a possibility 
and students should be exposed to it for the sake 
of exair.ination. 

The instructor should get involved with all three 
versions of this activity so that a meaningful 
class discussion can be held. 

The film loop mentioned in activity 2 is available 
on a loan basis from the Science Department, 
Parkway North Senior High, 12860 Fee Fee Road 
Creve Coeur, Missouri 63141. 

The questions that follow 1 and 2 can be used to 
develop important ideas during class discussion. 

At this time administer the post- test. 
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CONCEPTS: PACKET 2 

I. Plant growth is affected by air pollution. 
II. Clean air is a basic need for most living things. 

"'"^^^ examples of the correlation that exists 
between an air pollutant and the survival of a specils" 

Concepts BEHAVIORAL OBJECTIVES 

^" ^* P^^''^ Student Will use 

b5 J° Identify the parts that are affected 
by carbon monoxide and list at least one effect 
of carbon monoxide on each of thSfpaJts! 

After completing a laboratory report usino the 

w?fr? instructor tie^tulent 

Will list two effects of ethylene gas on the 
growth of bean seedlings. y * on tne 

In a single written sentence the student will 
be able to state why clean air is needed by 
most living things. ^ 

In an essay of not more than 300 words describe 
the relationship between air pollution and 
the survival of peppered moths; ^ 



I. 



II, 



III. 4. 



At this time take the pre-test. 
Obtain a copy from your teacher. 
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ACTIVITIES 



w eery /V:;;::.:::.!: 



Behavioral 
Objective 

Number Concept I Required Activities: 



A. The following activity will provide the 
necessary backgroung for objective one. See 
the film loop showing effects of carbon 
monoxide on the growth of bean plants. Use 
the Data Sheet 1 (supplied by your teacher) 
to record your observations. 

B. This activity is related to objective two. 
See the film loop which demonstrates the ef- 
fects of ethylene gas on the growth of bean 
seedlings and write a laboratory report on 
your findings. Use the Data Sheet 2 (supplied 
by your teacher) to record your observations 
on the effect of ethylene gas on bean plants. 

C. The following activity is OPTIONAL and will 
provide additional background for objective two. 
See the sound filmstrip "Smog and Plant Growth". 
After viewing the filmstrip, write a short 
definition of smog and describe the ways in 
which smog effects plant growth. 

D. Read "Biological Effects of Air Pollution", 
located in the student readings. 

Concept II Required Activities: 

A. You should select activity one or activity two. 
Both of which provide information related 
to objective three. 

1. Read the following article on "The Atmosphere" 
and write a paragraph (of 100 words or less) 
that discusses severals reasons why most 
living things require clean air. 



ERIC 



2 



THE ATMOSPHERE 



Man's atmospheric environment is both narrow and finite; 
comprehension of its limitations and normal conditions is 
necessary to understand how it became polluted. The density 
of the atmosphere decreases with altitude, and approximately 
half of the atmosphere by weight lies below 18,000 feet* It 
contain.3 about 21 percent oxygen which animals, including man, 
require for life and, because the average person requires 
available oxygen at pressures approximating 3 pounds per square 
inch, man cannot survive for long if oxygen is not available in 
close to that proportion and at the pressure. Other constituents 
of air include variable amounts of water vapor, nitrogen (78 
percent) , and carbon dioxide, carbon monoxide, and certain other 
gases, all of which total less than 1 percent by weight* The 
proportions of the gases are about the same in all parts of the 
world. The water vapor {water in a gaseous form) amounts to 
1 to 3 percent by volume throughout the world's atmosphere* 
For our considerations, the water vapor can be regarded as an 
independent gas mixed with air. 

There are several atmospheric layers. The troposphere is 
the layer adjacent to the earth and varies in height from about 
28,000 feet over the poles to 55,000 feet over the equator^ the 
depths being subject to seasonal change. Normally^ tropospheric 
temperature decreases with increasing altitude and we term this 
phenomenon the lapse rate. Where an abrupt change in the rate 
of temperature fall with altitude increase occurs, we reach a 
region called the tropopause. This atmospheric region separates 
the troposphere from the stratosphere (26 to 29 miles thick) . 
our discussion will principally be concerned with the effects 
of man's activity on the troposphere and, to some degree, the 
stratosphere. 

The atmosphere is influenced by many forces, both natural 
and man-made. Chief among these is heat energy from the sun. 
Heat is a form of energy as well as an expression of molecular 
activity. Since air is composed of atoms and molecules, air 
temperature is also a measurement of heat or molecular activity. 
Because different materials have different molecular structures, 
they will develop different temperatures (molecular activities) 
when the same amount of heat is applied. Accordingly, substances 
are said to have different specific heats or heat capacities. Land, 
for example, becomes hotter than water when indentical amounts 
of heat are applied and cools faster than water, as at night. Heat 
to the earth is largely supplied by the sun and this incoming 
radiation is offset roughly by outgoing or reflected radiation 
(terrestrial radiation) . At night, cooling occurs by terrestrial 
radiation. Temperatures of land masses rise and fall more rapidly 
than water masses, and, therefore, the land is warmer by day and 
cooler by night than the sea. This results in breezes toward 
land in coastal regions during the day which often reverse at night. 
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Atmospheric pressure is the force exerted by the weight of 
the atmosphere on a unit measurement of area (example, per sqiAarc 
inch) . We measure this force with an instrument called a 
barometer, one form of which is an evacuated tube with its open end 
placed vertically in an open container of mercury. At sea level, 
the weight of the atmosphere acts as a force on the mercury 
causing some of it to rise as a column in the tube, on the average 
about 29.9 inches. Mercury is used rather than lighter substances 
such as water because the displacement of a heavier substance in 
terms of column rise is considerably less, thus requiring a 
shorter tube. Differences in atmospheric pressure between points 
on the globe account, among other forces, for movement of air 
from regions of high to low pressure. When this movement is 
parallel to the earth's surface, we refer to it as wind. Other 
factors responsible for air movement include the earth's rotation 
about its axis, its yearly revolution about the sun, the uneven 
heating of the earth's surface by the sun, and the tilt of the 
earth's axis, to mention a few. However, solar energy is the 
predominant force responsible for weather phenomena. 

In discussing the tropopause earlier, we defined it as the 
altitude zone where an abrupt change in the lapse rate occurs. 
Actually, lesser changes occur quite frequently and even closer 
to the earth. For example, there may be a narrow layer within the 
troposphere in which temperature increases with altitude for 
several hundred feet; we call this an inversion (or temperature 
inversion) of the usual decrease of temperature with altitude. 
Inversions can, thus, impede the rise of the air below and if 
the latter air contains impurities (pollutants) the inversion acts 
as a lid to seal them below. If no significant lateral movement 
of air (wind) occurs, then the stage is set for an acute air 
pollution episode in the volume of air below. 

If the earth did not rotate on its axis one might conceptualize 
air movement occurring by another means. We could conceive of 
warm air rising over the equator where it is more heated and 
less dense. It would rise high and flow laterally resulting in 
atmospheric pressure below lower than that in the surrounding 
adjacent area where the air is more dense because of its cooler 
temperature. Thus, cool air from the poles would move toward 
the low equatorial pressure where it in turn would be warmed, 
rise, and spread laterally toward the poles in a continuing cycle. 
For example, under these conditions, a lighter than air balloon 
turned loose over the equators would rise and drift toward either 
pole. It would then descend over the poles and simply skim the 
earth's surface toward the equator thence to rise again. However, 
the earth does rotate and this rotation results in a force which 
deflects the southern winds toward the east in the northern 
hemisphere and toward to west in southern hemisphere; we call 
this the Coriolis force. Other influences on local weather include 
differential cooling and heating between mountains and flat land, 
desert and cultivated land, green and pavement, etc. All 
contribute to weather phenomena. 

Air Pollution, Scientist's Institute For Public Information, 
New York, 1970, pp 4-8 
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2. Read pages 92-95 of Environmental Pollution, 
paying particular attention to the diagram 
on page 93. After you complete the reading 
compile a list of reasons that might explain 
why clean air is needed by most living things. 

Concept III Required Activities: 

A. The following activities are related to objective 
4. You must do at least one of the following 
activities . 



1. See the film loop on peppered moths. It is 
strongly recommended that you see it at least 
twice in order to appreciate what is happening. 
When you are finished answer the following 
questions: 

a. Does man have a direct or an indirect 
relationship with peppered moths? Defend 
your selection. 

b. Why were the trees darkened? 

c. How did the change in the appearance of the 
tree trunk influence peppered moths? 

d. What happens when the white peppered moths 
are continually preyed upon by the birds? 

e. Can you think of any other ways that man 
influences the selection of organisms as 
a result of environmental pollution? 

2. Read the following article on peppered moths 
and then answer the same questions that are found 

in Activity 6 a. 



ACT ONE 



Time: 1850. Place: England, in the neighborhood of Manchester, 
3n industrial city. It has not been an industrial city very 
long, for there is still countryside around it - clean countryside, 
with woods and streams and fields. The curtain rises on a wood 
near the city. 

Several biologists are seen plucking something from the bark 
of surrounding trees. Their talk tells us that they are collecting 
moths of the species Biston betularia . (bis'tdn bj^t* 5 la* ri0) 
These moths are active at night; in the daylight hours they rest on 
the trunks of trees. The biologists study their collection. 
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Among some hundreds of specirr.ens, all are much alike. But the 
biologists also note a good many differences, A few moths have 
shorter antennae than most. A few have longer legs. One or 
two are distinctly darker than the others. There are many other 
noticeable differences, but each difference is represented by 
only one or a few of the moths. In other words, these moths 
vary as individuals - and at least some of these variations are 
probably hereditary, though our biologists of 1850 would know 
little of this. 

ACT TWO 

Time: 1950. Place: The same. The countryside has changed. 
The sunlight is less bright, for there is a smog of dirt and 
soot in the air. The trees are darker, their bark and leaves 
covered with a layer of soot. For years the factories of 
Manchester have been pouring out their smoke, dirtying the 
town and the countryside. 

Again several biologists are collecting Biston betularia . 
They examine the specimens for similarities and differences. 
They also compare their notes with those recorded a century 
ago by their predecessors. The same variations are evident 
amid the general similarity. Most of the difference are still 
represented by only a few of the several hundred moths col- 
lected. But one of the differences that was rare in 1850 is 
now common. Most of the moths are now dark; only a small 
percentage are light in color. A change has taken place in the 
local population of Biston betularia . 

ACT THREE 

Time: A few months later. Place: The same. 

A biologist is hidden in the bushes. He has a movie camera, 
with a telephoto leas and is pointing it at one of the darkened 
tree trunks. There are moths on the tree - half are the dark 
type, half the ligh type; they have been collected alive and put 
there by the biologist. Birds appear - birds that eat these 
moths . 

» 

Later we see the biologist's notes on his experiment. They 
indicate that the preying birds ate many more of the light 
moths on the tree than they did the dark ones. We also see from 
his notes that he conducted the same experiment in a clean grove 
of trees farther from the city. There he found the opposite to 
be the case: The dark moths were eaten more often than the light 
ones. 

This article was taken from Hi^h School Biology (BSCS Green 
Version) , Biological Sciences Curriculum Study, Boulder, 
Colordo., 1963. 
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3. This activity is related to the effects of 
air pollution on the survival of peppered 
moths. The materials and instructions for 
this activity can be obtained from your 
instructor. 

At this time take the post test. 
Obtain a copy from your teacher. 



o 

ERIC 



7 



DATA SHEET 1 



Effects of ethylene gas on the growth of bean seedlings. 



Part of the seedling 
affected 


Kind of effect lie, twisting, 
yellowing, etc. 








• 
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DATA SHEET 2 



Effects of carbon monoxide on the 


growth of bean plants. 


Part of the plant 
affected 


^ Kind of effect lie, spots, 
wrinkles, etc. 
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STUDENT READINGS 

Miologit'ftl Effects of Air Polls&tion 



In any metropolitan area, acute air 
pollution episodes can occur whenever at-* 
mospheric conditions prevent rapid 
dispersal or dilution of the pollutants. 
Acute air pollution episodes resulting 
collectively in the deaths of thousands 
in Belgium^s Meuse Valley (1930), Donora, 
Pa. (1948), London (1952, 1959, 1962), 
New York City (1953, 1962, 1966) have 
been well docximented* All of these epi- 
sodes shared certain characteristics: 

A high population density with a 
correspondingly high concentration 
of contbustion processes. 

Seasonal influence — occurrence was 
in the winter when fuel consumption 
was increased and upper respiratory 
diseases were prevalent. 

A stagnant air situation and tempera'^ 
ture inversion for several days to a 
week with accumulation of pollutants 
in the air. 

In general, the fatalities and severe 
illnesses resulted from acute, chemically 
irritative changes to the lining of the 
air tubes (bronchi) leading to Jie lungs. 
In London, the leading causes of hospital 
admissions during those episodes were 
respiratory disease, often with heart 
failure complicating the processes in the 
lung. The heart in a person with pre- 
existing heart-lung disease could not 
take the added burden of moving blood 
through the chemically irritated lungs. 

No single smog component in either 
London or Donora was present in concen- 
trations very much higher than usual. 
Thus, an increased duration of exposure 
is implicated, with the possibility of 
additive or synergistic factors. (The 
latter is a biologic effect produced by 
two or more agents together which is 
greater than the sum of the effects of 
the indi.vidudl agents.) Other membranous 
body surfaces reflected the same irrita-* 
tive mechanisms, consequently, sore 
throat and burning of the eyes were fre- 
quent complaints, as were headache and 
nauAea. While no specific offending 
agents have been indicted in the London 
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and Donora disasters, oxides of sulfur, 
common to both, were probably acting in 
concert with particulates and possibly 
other pollutants. Infecting agents may 
also have been operative. In Donora, 
5,910 people were affected and 17 died* 
In London, 4,000 to 6,000 more deaths 
occurred between December 5-9, 1922 
during a dense smog; in December, 1962, 
340 more deaths occurred than was norxaal, 
during a similar period of smog. 

For a long time the medical profession 
has been preoccupied with infectious 
causes of disease to the neglect of the 
physical and chemical aspects. While 
this was justifiable in the early part of 
the twentieth century when people were 
dying from diseases such as pneumonia, 
influenza, meningitis and tuberculosis, 
it no longer seems valid at this time in 
the United States when most people are 
dying from non-infectious diseases. In- 
deed, the diseases which appear to be 
killing Americans today seem not only to 
be non-infectious in origin but to have 
other common characteristics, namely 
multiple rather than single causes, in*^ 
sidious onset and development over a 20 
to 30 year period and extremely difficult 
to treat when full-blown. Included 
in this group are cardiovascular dise£ise, 
stroke, cancer, particularly bronchogenic 
cancer, and chronic pulmonary disease 
(bronchitis and emphysema) • 

Although complicated by many variables, 
the evidence linking chronic lung disease 
with air pollution is impressive. Bron- 
chitis, an inflamation of the bronchi - is 
characterized by excessive mucous secre^ 
tion accompanied by chronic or 
recurrent cough productive of sputum. 
Bronchitis is not considered chronic un- 
less these manifestations are present on 
most days for at least three months of 
the year and for two successive years. 
Using these criteria, a 20 percent in*- 
cidence is estimated in urban men in 
Great Britain between the a^es of 40 and 
60 years. ^ In Great Britainr^^lness 
from chronic bronchitis is related to th« 
population size of cities,^ suggesting 
that air pollution, which also increases 
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with the size of cities # may be impli* 
cated. Ai^othcr study showed a correla- 
tion between trie bronchitis mortality 
rate and the amount of fuel burned for 
domestic and industrial purposes.^ In 
England and Wales » places with higher 
moan annual sulfur dioxide measurements 
had associated higher mortality rates 
due to chronic brcnchitis.^ Using de- 
creased visibility as an index to 
pollution, British investigators showed 
an association between pollution and ill* 
ness-absenteeism among postmen.^ The 
postmen *s counterparts working indoors 
suffered less work loss due to bronchi- 
tis # an association not attributed to 
weather alone. A number observers 
have related aggravation of symptoms of 
bronchitis to air pollution increases* 

Bronchial asthma, a disease in which 
the muscles of the bronchi constrict and 
impede outward movement of air, seems un- 
questionably to be influenced by air 
pollution. Thus, in Donora, 87 percent 
of asthmatics became ill, while illness 
struck 43 percent of the rest of the 
town's population.^ Bronchial asthma 
generally responds well to certain medi- 
cations which dilate the air tubes or 
combat allergy and infection. In con- 
tradistinction, another type of lung 
disease # indistinguishable from asthma 
by physical examination but distinguish- 
able by negative response to these 
metrications has been described among 
American military personnel in Yokohama. 
Evacuation seemed to be the only form of 
therapy for "Yokohama respiratory dis- 
ease," pointing to some offending local 
environmental contaminant.^ New Orleans 
has experienced epidemic outbreaks of 
asthma, typically in October.® Dr. 
Murray Dworetsky, in the presidential 
address to the American Academy of Al- 
lergy in 1969,^ pointed out that "the 
literature strongly suggests that the 
frequency of death from asthma has re- 
cently been increasing," and said that 
although "inappropriate management" is 
probably one cause, "There is much reason 
to believe that in and of itself air 
pollution may be increasing the number of 
deaths from asthma." 

Emphysema, auother chronic respiratory 
disease # apte«^s to be adversely affected 
by air pollution. In this disease, the 
small air sacs into which the air pas- 
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sages empty become distended, rupture 
and/or coalesce. The lining of these 
sac3 is the site of gaseous exchange be- 
tween air and blood. Thus, t.ae larger 
sacs for the same volume present less 
surface area for exchange. Lung emptying 
is impeded, coughing is less effective, 
and victims become predisposed to infec^ 
tion. Heart failure is a common 
complication. Qnphysema prevalence in 
the United States is increasing; this 
disease has doubled in incidence and 
mortality every five years for the past 
two decades. Not only is emphysema 
aggravated by air pollution, especially 
in conjunction with smoking, but one 
California study showed that lung func- 
tion could be improved simply by placing 
the patients in an air pollution-free 
room.^^ 

While most authorities agree that ciga- 
rette smoking plays the dominant role in 
the development of limg cancer, there 
would appear to be some further agreement 
that an urban factor plays a much smaller 
although detectable role as well. Data 
suggest a higher incidence of lung cancer 
in urban than in rural areas among smok- 
ers. Thus the incidence of Itung cancer 
among smokers who emigrated from Great 
Britain to South Africa was higher than 
among white native South Africans who 
were even heavier smokers .^^ Immigrants 
to Australia and New Zealand from Great 
Britain had higher lung cancer mortality 
than native New Zealanders and Austral- 
ians in spite of similar smoking 
backgrounds . ^3 , 14 

Air pollutants frequently have been 
concentrated and applied to the skin of 
mice. This has resulted in the 

...induction of a kind of cancer 
called squamous cell carcinoma. Tu- 
mors under the skin have been induced 
in mice exposed to air pollutant tarfi 
collected from a number of American 
cities. The induction of lung cancer 
(adenocarcinoma) in mice has been 
achieved by exposure of mice in dust 
chambers to asphalt road sweepings 
and also by the same type of expo8\ire 
to soot.... On the other hand rats and 
mice are quite resistant to induction 
of lung cancer. Even when exposed to 
aerosols of pure carcinogens, the 
animals do not develop lung tumors but 
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do get skin tumors from tiiis type of 
exposure although rats are normally 
resistant to skin tumor induction. 
Both species, however, develop lung 
cancers when the exposure is suffi** 
cicntly intense. Thus, whon the 
carcinogen:) aro implanted in the lung 
in high dOHages tfho animals develop 
lung cancer. . . .^^ 

It must be cautioned that such evi«> 
dence is not definitive, although 
certainly suggestive. A one-pack-per- 
day smoker of cigarettes exposes himself 
to several hundred times more inhaled 
organic matter than an individual in a 
congested traffic area of New York. The 
major difference is that the smoker can 
stop smoking, while the pedestrian can 
hardly be expected to stop breathing. 

New York City's 1953 episode was not 
really recognized until approximately 
nine years later when a comparative anal- 
ysis of hospital records, and air 
pollution daca revealed an excessive 
number of deaths during a period of se- 
vere air pollution. It is, therefore, 
hardly unreasonable to assume that many 
deaths from pollution may take place 
without ever coming to the attention of 
Public Health officials because of the 
unavailability of the necessary measure- 
ments or the 'necessary data analysis, or 
because the numbers are so small as to 
fail to give significaiit results. 

Only three parts per million of sulfur 
dioxide exposure to a healthy person can 
produce a slight increase in airway re- 
sistance, that is, the ease with which 
expired air passes through the airv ys. 
Yet, people with chronic bronchitis or 
similar conditions may be aggravated by 
levels as low as 0.25. Twice as many 
acute respiratory illnesses were found at 
exposures to 0.25 ppm for twenty-four 
hours as at 0.4 ppm among those aged 55 
or over with chronic bronchitis. 
Increased airway resistance can fre- 
quently occur even at extremely low 
levels of sulfur dioxide when it is com- 
bined with inhalation of particulate 
matter or sulfur trioxide, which combines 
with water to form sulfuric acid. Twelve- 
hour averages of sulfur dioxide (parts 
per million) in New York City have been 
known to exceed 0.8. The major source of 
sulfur dioxide in that city was the ccm- 
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bustion '^f high sulfur content fuel oil 
and bituminous coal. The implication of 
these figures to New YorkVs over one 
million estimated sufferexs^^ of asthma 
and hay fever could well be profound. 
Fortunately, some stops have been under* 
taken to reduce tho sulfur content of 
New York fuels. 

Obviously, the respiratory system is 
most directly affected by breathing pol- 
luted air, and we have concentrated so 
far on cardio-respiratory diseases in 
terms of possible cause and/or aggrava- 
tion. Not infrequently, however, certain 
pollutants c^n attack an organ system 
far removed from the portal of entry to 
the body. Lead, for example, can have 
diffuse and confusing effects, as 
experience with occupational exposure ^ 
and with exposure of children to lead 
paints has shown. Lead can enter the 
body via lungs, intestinal tracts or skin 
and by poisoning certain enzjones which 
are present in most organs can affect 
blood-forming « nervous « gastrointestinal 
and excretory (kidney) systems among 
others. Lead toxicity can occur after 
chronic as well as after acute exposure. 

The biological effects of carbon monox- 
ide are different than many other air 
pollutants. First, it cannot be tasted# 
smelled or otherwise sensed by the body 
and second, it does not directly affect 
the eyes, nasal passages or lungs. In- 
stead, it passes unchanged through the 
walls of the lung into the blood, where 
much of it actively combines with hemo- 
globin, the substance in the red blood 
cells normally responsible for carrying 
oxygen to all the tissues of the body. 
(A very small amount of CO is produced 
by normal body metabolism; we are con- 
cerned here only with additional exposure 
to CO from the environment.) This 
combination forms a substance called car- 
bomonoxyhemoglubin, and has the effect of 
decreasing the oxygen-carrying capacity 
of the blood. Since CO is about 200 
times more strongly bound than oxygen to 
hemoglobin, a small amount of CO in the 
ambient air has a greatly magnified ef- 
fect on the oxygen transport function of 
the blo<Kl. All tissues of the body may 
suffer from oxygen deprivation, but the 
two tissues most sensitive to lack of 
oxygen are the heart and the brain. 
Thus, at low levels, effects on these two 
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iSdjle 1. HEALTH EFFECTS OF CARBON MONOXIDE (CO) 
Prepdred by D.M. SnodderlyiJr., New York Scientists^ Committee for Public Information 

Concentration % Carbomonoxyhemoglobin Symptoms 
of CO in air in blood 



Up to 300- 
400 ppcn 

100 ppm 



30 - 40% and above 



Up to 20% depending on 
exposure and activity 
of subject 

20% in dogs exposed 
for only 5.75 hours 
per day# for 11 weeks 



Severe headache # dim vision, nausea# 
collapse 



Headache at 20%. Impaired performance on 
simple psychological tests and arithmetic 
above 10% CO in blood. ^ 

Brain and heart damage found at autopsy.^ 



50 ppm and 
below 



2-4% and above 
Maximum of about 8% 
(calculated from ^) 



Ability to detect a flashing light against 
dim background worsens with increasing 
amounts of CO. 4% was lowest point shown # 
but authors state that even the CO from a 
single cigarette could be shovm to cause 
rise in visual threshold.^ It is# there- 
fore # obvious that smoking and exposure to 
CO from auto exhaust interact. 
Subjects presented with two tones and ask- 
ed to judge which is longer. Judgment 
impaired at this level of CO in the air; 
lower levels of CO not studied. Resrults 
interpreted as impairment of ability to 
judge time. 5 Not known whether this may 
influence people's ability to drive safely. 
Another author^ concluded that 1 - 2% CO 
in the blood should cause a detectable 
number of errors on psychological tests if 
a sufficiently large-scale experiment were 
done. 



IS ppm 



Up to 2.4% (calculat- 
ed from 5) 



New York's air quality goal. Even this 
amount of CO could cause some of the 
effects on vision and loss of judgment of 
time that are mentioned above. 



1. J.H. Schulte, "Effects of Mild Carbon 
Monoxide Intoxication/* Archives of 
Environmental Health f 7, 1963^ 
pages fi2 4-30. 

2. F.H« Lewey and D.L. Drabkin# "Ex- 
perimental Chronic Carbon Monoxide 
Poisoning of Oogs^" American Journal 
of Medical Science, 208 # 1944 # pages 
502-11. 

3. R.A. HcFarland# F^J^W. Roughton# 
M.H. :ialperin and J.I. Niven# 
''Effects of Carbon Monoxide and 



Altitude on Visual Threshold #" Journal 
of Aviation Medicine, 15$ 1944/ 
pages 381-94. 

4. R.R. Beard and G. Wertheim, "Be- 
havioral Impairment Associated with 
Small Doses of Carbon Monoxide/' 
American Journal of Public Health, 
57, 1967, pages 2012-22. 

5« J.R. Goldsmith and S.A. Landau, 
"Carbon Monoxide and Human Health,** 
Science, 162, 1969, pages 1352-59. 
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tissues are well documented. (At higher 
levels, about 1,000 ppm and more, CO can 
bo lethal,) As Table 1 indicates, such 
effects can range from changes in various 
psychological capabilities in humans, 
such as time discrimination, to permanent 
heart and brain damage in experimental 
animals. (Concerning this last point # 
many scientists feel the now well- 
documented correlation between smoking 
and heart disease may well be due in part 
to the CO in cigarette smoke.) 

The effects determined in the labora- 
tory and described in Table 1 should be 
compared with the actual measured levels 
of CO, culled from several sources^ 
listed in Table 2. The overlap is clear; 
the only ur^certainty concerns how long 
people in urban areas are exposed to 



One of the air pollutants resulting 
from the aniline dye and benzene indus- 
tries has, by careful epidemiologic 
analysis, been shown to result in the 
increased occurrence of bladder cancers 
among v^orkerR in these industries .^^^^^ 
In this instance, the target organ, che 
bladder, was certainly distant from the 
portal of entry, the lungs. Since blad- 
der cancers are responsible for only a 
few percent of all deaths from malig- 
nancy, these pockets of disease could ba 
expected to attract attention, and did. 
The disease was found to be heavily con** 
centrated in workers within these 
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industries and in residents in the immed^ 
lately surrounding vicinity. Laboratory 
confirmation by the provocation of ex- 
perimentally induced aniline dye tumors 
in dogs using beta-naphthylamine has been 
reported. An increased frequency of 
tumors of the bladder paralleling the 
increased occurrence of lung cancers in 
smokers has been reported^^ and as one 
might expect, cigarette smoke contains 
these same contaminants. In the case of 
this pollutant, short term exposure re- 
vealed no ill effects; it was exposure 
for a long time to a relatively low level 
that resulted in disease. 

similarly, the results of airborne 
radioactive isotopes are slow in develop- 
ing. In 1954, 53 Marshall Islanders were 
sijibjected to radiation fallout including 
iodine 131 from a nuclear bomb test. 
Iodine 131, although a short-lived iso- 
tope, concentrates in the thyroid and can 
damage the thyroid tissue as it emits its 
energy and decays. Eleven and twelve 
years later, 18 of these individuals were 
reported to have thyroid abnormalities. 
In 11 cases, surgery was performed, and 
one cancer of the thyroid was found. 
Fallout was not blamed for the malignancy 
found in another patient, who was re- * 
ported to have received less exposure 
from iodine 131. However, in a popula- 
tion of this size, one would not expect 
even a single case of thyroid cancer to 
be present in 15 years. It should be 
remembered that this represents also a 
rather brief period between exposure and 
disease. The mutagenic properties of 
radiation are well known, and would lead 
us to expect effects on later genera- 
tions. Experience has taught us that it 
may be as many as five generations after 
expostire before the effects of a reces- 
sive mutation appear. These concerns are 
probably quite applicable to the long 
term effects of release of radioactive 
materials into the environment from 
whatever source. 

There is much that we don't know about 
what pollutants are in the air. As Glenn 
Paulson shows on page 19, the term "par- 
ticulate matter*" is a general one that 
includes numerous pollutants, many as yet 
unidentified. There are also gaseous 
pollutants emitted by various industries 
or released in the burning of wastes that 
are not monitored. If we knew more about 
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these various levels. 



Table 2. CARBON MONOXIDE LEVELS 
AT VARIOUS LOCATIONS 



Location 



Los Angeles Freeways 
Los Angeles Freeways, 

slow, heavy traffic 
Los Angeles, 

severe inversion 
Parking garage 
Cincinnati intersection 
Detroit, short peak 
Detroit, residential area 
Detroit, shopping area 
Manhattan 

intersection 

Allowed industrial ex- 
posure for 8 hours 
(for comparison) 



CO Levels 
(in average ppin*s) 

37 



54 

30 for over 
8 hours 

59 
20 
100 
2 
10 

15 all day 
long 

50 recently 
lowered 
from 100 



what IS in the air# this would be only 
tlxe first step toward studyxng the bio- 
logical effects of single pollutants and 
pollutants in various combinations. 

Early concern with the effects of air 
pollution was largely confined to effects 
on man which » while quite proper # was 
also somewhat misleading. By the time we 
started noticing damage in man, a devas- 
tating toll had been taken in plants and 
possibly in lower animals. Long before 
the health effects of air pollution be*- 
came a matter of serious concern^ 
enormous areas of formerly fertile 
ground surrounding ore processing mills 
in this country and others became bare as 
a result of fumes emanating from the 
mills. This occurred during the days 
prior to the development of high stacks 
which promoted more rapid dilution. 
Sulfur dioxide from stack gases tends to 
burn vegetation, particularly alfalfa 
and soft-leafed vegetables. Hydrofluoric 
acid has been described as being damaging 
to plants and fluorosis has been describ- 
ed in cattle. By the end of the late 
1940 more and more complaints from 
farmers were heard concerning smog injury 
to crops. Virtually every crop in New 
Jersey has been adversely affected by 
air pollution. 

The effect of smog on plants can be 



POLLUTION AND ITS SOURCES 
Five major pollutants and their sources 
are shown below. The total for industry 
is obviously incomplete, since it in- 
cludes only the six laajnr indu^L^lal 
polluters. Putting all pollutants into 
the same units — millions of tons-- is 
somewhat misleading . Some pollutants 
are harmful even in very small amounts. 
Some are more harmful than others, and 
some are more harmful together than 
separately . (From "The Sources of Air 
Pollution and Their Control,^' Public 
Hfiultn Service Publication No. 1548 , 
Washington, 1966.) 
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quite variable and consequences can in- 
clude the reduction of crop yield, growth 
retardation or outright destruction of 
the plant. Visible damage is probably 
best known since it is the most easily 
observable, as when pine trees lose their 
needles / or when lawns become brown after 
an intense smog assault. Of continuing 
concern should be the fact that the more 
extensive the damager to plants, the 
greater the reduction in oxygen produc-* 
tion by green things. For example, 
phytoplankton, microscopic marine plants 
which jproduce oxygen, can be destroyed by 
air or water pollution by DDT. 

City growth, increased miles of high- 
ways, and the spreading out of more and 
more people over the countryside reduce 
the area given to plants producing life** 
giving oxygen. Statistics on. how fast 
land is being consumed are not available 
for many sections of the country « How- 
ever, according to the U.S. Department of 
Agriculture, roughly 420,000 acres a year 
are being converted to urban use (which 
includes buildings and roads) , and ap- 
proximately the same amount is going 
underwater as new dams and reservoirs 
are built. In addition, approximately 
160,000 acres are being converted each 
year in rural areas for highways and air«* 
ports. It is estimated by the USOA that 
cropland furnishes roughly one-half of 
this million acres. 2 3 Thus man, with 
his exponentially increasing population 
and his soaring per capita energy use, 
at lea^t in this country, may ultimately 
threaten one of his own basic life-* 
sustaining systems, the oxygen cycle. 

The measures taken so far to reduce air 
pollution are being offset by increases 
in the sources of pollution—more and 
larger power plants, more and larger in- 
dustrial plants, more automobiles and 
trucks. So far, controls are being im- 
posed on indxostry slowly, and principally 
to reduce sulfur diexide and particulate 
matter. Knowledge of what comes out of 



ANNUAL EMISSIONS OF FIVE MAJOR POLLUTANTS IN MILLIONS OF TONS, AS OF 1966 




Carbon monoxide. .66 

Hydrocarbons 12 

Nitrogen oxides.. 6 
Sulfur oxides « « « « i 

Particulates j 

TOTAL AUTOMOBILE 86 




Sulfur oxides .... 9 

Particulates 6 

Hydrocarbons 4 

Nitrogen oxides.. 2 
Carbon monoxidmm . 2 
MAJOR INDUSTiaSS.....23 
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n»Jiu;jLry*s stacks is often limited, and 
autl\ority tc coutirol it is even more 
limited. For examj-^ie, the Camnittee for 
Enviroiweiital Information found that 
while induiitries reported to the city*s 
Air Pollution Control officer what was 
coming out of their stacks, this was 
sometimes privileged information, not 
available to the public. The Air Pollu- 
tion Commissioner could order reductions 
in industrial emissions only for sulfur 
dioxide, hydrogen sulfide, oxidants and 
particulates — the pollutants for which 
standards have been adopted by the city. 
He has authority to reduce emissions of 
other pollutants only if he can show 
that they present a danger to the health 
of the people in the vicinity or con- 
stitute a nuisance. Direct cause and 
effect on human health is extremely 
difficult to prove in connection with any 
environmental contaminant, and for new 
and untested chemicals would be impos- 
sible to prove until after the tragic 
fact. (The dye industry example de- 
scribed previously is a good case in 
point.} 

At a recent conference on air pollution 
and the automobile at the University of 
Missouri^"* William H. Megonnell, Assist- 
ant Commissioner for Standards and 
Compliance, National Air Pollution 
Control Administration, said: 

In mv judgment, the best we can ex- 
pect from the Federal standards now 
in effect is that hydrocarbon and 
carbon monoxide emissions will in 
1980 dip to approximately 60 per- 
cent of current emissions, or roughly 
what they were in 1953. And 
after 1960, when these standards 
have passed the saturation point of 
their effectiveness, as vehicle use 
continues to increase # the levels of 
pollution' will resume their upward 
climb . 

At the same conference. Dr. Robert Karsh# 
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president of the St. Louis Committee for 
Environmental Information, said: 

The 1968 automotive emission stand- 
ards reduced carbon monoxide 
emissions by 50 percent and hydro- 
carbons by 70 percent of uncontrolled 
levels in new cars only. The devices 
are not maintained because they do 
not have to be maintained in most 
areas. Because of increased numbers 
of cars and increased driving, under 
existing controls automotive pollu- 
tion will double in the next 30 years. 

Since that conference, new federal 
standards have been proposed which would 
reduce carbon monoxide emissions to half 
of present emissions # hydrocarbons to a 
fourth, particulates to a third and 
nitrogen oxides to a sixth. These strin- 
gent standards would not go into effect 
until the 1975 model year, and therefore 
would not reduce the total automotive ' 
pollution by those amounts, and then only 
if the control devices are maintained # 
and the number of cars does not increase • 

According to the U.S. Bureau of Public 
Roads # the number of registered motor 
vehicles is increasing every year — in , 
1969 the increase was three million over 
1968. But this tells only a small part 
of the story. The amounJ: of air pollu- 
tion from cars is more closely related to 
miles travelled# and particularly to 
urban miles travelled. In 1946 # urban 
miles travelled were 170 billion. Twen^ 
years later this had more than doubled, 
to 470 billion, and it is still rising. ^5 
What this indicates is that our control 
efforts continue to lag behind our 
capacity to pollute the air. 
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CONCEPTS J PACKET 3 



I. Man'H increasing dependence upon the auto has produced an 
increase of carbon monoxide, nitrogen dioxide, and hydro- 
carbons in our atmosphere. 

11. Incomplete combustion in the auto engine results in the 
production of carbon monoxide which effects the health 
of man. 

III. Hydrocarbons (mitted in auto exhaust affect the growth of 
plants . 

IV. Nitrogen dioxide, emitted in auto exhaust, contributes to 
man's respiratory problems. 



Concepts BEHAVIORAL OBJECTIVES 

I 1. Upon completion of this packet the student 

will list and describe, in a few sentences, 
three ways that man's increasing dependence 
upon the auto has resulted in an increase 
in certain air pollutants. 

^1 2. After completing the prescribed activity the 

student will -State in a sentence how carbon 
monoxide results from incomplete combustion 
in the auto engine. 

II 3. Given a list of effects on man's health the 

student will choose the primary effect of 
carbon monoxide on man's health. 

I 'I -1. 'I'ho Htud'-nl will rj»;lrf| Ui,- mn i n cftoct of 

hydrocarbon;;, roMultinq i rum auto exhaust, 
on the growth of plants when given a list of 
effects on plant growth. 

IV 5. When presented with a list of man's health 

problems, the student will select the respiratory 
problems that are aggravated by the increase 
of nitrogen dioxide in the air we breathe. 



At this time administer the pre-test. 
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PRE-POST TEST 
PACKET 3 



Behavioral 

Objective 

Number 

1 1. In the space given, list and describe, in a 

few sentences three ways man's increasing 
dependence upon the auto has resulted in an 
increase in certain air pollutants. 

A. 



B. 



C. 



2. State in a sentence how carbon monoxide is a 

resultant of combustion in the internal combustion 
engine. 



3. Carbon monoxide primarily affects man's health, 

Circle the main effect of carbon monoxide on 
man's health. 

A. irration of the soft lining of the trachia 

B. complexation with the hemoglobin in man's 
blood 

C. irration of the hair roots 

D. romplexation with oxygen in man's lungs 
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Hydrocarbons, resulting from auto exhaust, affect 
the growth of plants. Circle the main effect 
of hydrocarbons on the growth of plants. 

A. keeps the roots from penetrating the soil 

B. causes the stem of the plant to become thin 

C. causes the stem to twist 

D. causes leaf discoloration 

Increasing amounts of nitrogen dioxide in the 
air we breathe causes an increase in man's health 
problems. Circle the respiratory problems that 
evidence indicates are increased by the increased 
amounts of nitrogen dioxide in the air. 

A. bronchitis 

B. damage to the air sac of the lung 

C. ear infections 

D. thyroid problems 
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PRE-POST TESTANSWfc^R KEY 
PACKET 3 



Behavioral 

Objective 

Muinber 



2 



3 



1. In the 5^paco givon, list and describe, in a 
few sentences three ways man's increasing 
dependence upon the auto has resulted in an 
increase in certain air pollutants. 

e many answers to this question. Any us^ of the auto by the 
■e^uls • to increased amounts of air pollution. 

Mnsf fnr 1 1 i 1-1 <=><:; t-hai- nur 1 i ve s require, such as 

stores and doctors, require us t o drive more. 

This in turn i ncreases the amount of air pollution. 

g Man is a very independe nt animal, they ail wish to go 

were they want when they want. This increases the 

number of autos a nd the amount of pollution. 

C Man l ives in suburbs and works in the cities. This 
c^liS^S 5 g it^aL liiJiu;; .ji tratili^ ggOlB crxS sPbuYb to 
the city, this quantity of autos increases the 



amounts of air pollution. 



2. State in a sentence how carbon monoxide is a 

resultant of combustion in the internal combustion 
engine. 

Carbon monoxide is formed in the internal combustion 



engine as a result of having an insuffi cient quantity 
of oxygen to combust with the fuel in the cylinder. 



3. Carbon monoxide primarily a ffects man's health. 
Circle the main effect of carbon monoxide on 
man's health. 

A. irration of the soft lining of the trachia 




complexation with the hemoglobin in man's 
blood 



C. 



irration of the hair roots 



D. complexation wich oxygen in man's lungs 
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Hydrocarbons, resulting from auto exhaust, affect 
the growth of plants. Circle the main effect 
of hydrocarbons on the growth of plants. 



keeps the roots from penetrating the soil 



B. causes the stem of the plant to become thin 

C. causes the stem to twist 

O. causes leaf discoloration 

Increasing amounts of nitrogen dioxide in the 
air we breathe causes an increase in man's health 
problems. Circle the respiratory problems that 
evidence indicates are increased by the increased 
amounts of nitrogen dioxide in the air. 





bronchitis 



damage to the air sac of the lung 



C. 



ear infections 



D. 



thyroid problems 



BACKGROUND INFORMATION 
PACKET 3 



This portion of the unit on air pollution deals with the 
causes of the problem. It is presented to the student in a 
cause-effect type situation. In other words, the student will 
be presented with the orgins of the four predominant air 
pollutants and their main effects on man and his surrounding 
community. 

This packet deals with our main air polluter, the automobile 
and its major pollutants, carbon monoxide, nitrogen dioxide, 
and hydrocarbons. 

The following pages contain a short summary of facts on 
the topics discussed in the packet. it is by no means 
comprehensive. 

Below is a chart and a list of readings. The chart, 
although its data was collected in 1968, shows where the air 
pollution problem lies. The readings are references in the 
recommended texts, it is advised that you read them at least 
in part. 

Estimated Nationwide Emissions, 1963 
(Millions of tons per year) 



SOURCES CARBON 

MONOXIDE 


PARTICULATES 


SULFUR 
DIOXIDE 


HYDRO- 
CARBONS 


NiTROG] 
OXIDES 


Transportation 63.8 


1.2 


0.8 


16.6 


8.1 


Fuel conbustion in 1.9 
stationary sources 


8.9 


24.4 


0.7 


10.0 


Industrial processes 9.7 


7.5 


7.3 


4.6 


0.2 


Solid waste disposal 7.8 


1.1 


0.1 


1.6 


0.6 


Miscellaneous 16.9 


9.6 


0.6 


8.5 


1.7 


Total 100.1 


28.3 


33.2 


32.0 


20.6 
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Read ings 



ENVIRONMENTAL POLLUTTON pp 96-100 and pp 106-143 

I-RQGRFSS AND TliE FNV f RONMKNT pp 83-88 

AIR POLLUTION PRIMER pp 23-29 and pp 35-44 

/^CITI ZENS GUIDE TO CLEAN AIR pp 84-87 

From the chart you can see that the automobile is the 
major source of most of our air pollution. It is not due simply 
to an inefficient combustion engine, but it has a great deal 
to <io WLt}i the enormous quanity of automobiles and how much more 
fretruf-ntly the auto is used today. Consider John Q. Public, 
i-n l')7n some 133,567,835 of dri^Mble age, driving some 10,570,000 
motor vehicles. A year later it was figured that for each 1000 
of thf^e automobiles, 64,000 lbs of carbon monoxide, 800,000 
to 1,600,000 lbs of hydrocarbons and 200,000 lbs to 600,000 
lbs of nitrogen oxides are spewed forth into the air we breathe. 
Even though pollution control devices will decrease these 
quantities per automobile the harrendous number of autos 
multiplies any and all contaminants produced. This idea is 
them compounded by the fact that Mr. Public, due to "URBAN 
SPRAWL" is using his auto more and more frequently, it takes 
him from here to there and back hundreds of times each day. 

The major pollutant of the ai'to is carbon monoxide (CO). 

rt is a colorless, odorless gas. that is quite poisonous at 
concentrations of 1 part in 100,000. It causes illness, 
dizziness, nausea, headaches and it can result in death within 

tliiry minutes at a concentration of 1 part in 750. Carbon 
monoxide has a lesser effect on the growth of plants, causing 
yellov/ing and burning of the leaves. 

Uncombusted hydrocarbons are another major pollutant from 
tho auto. At low concentration, hydrocarbons have been shown to 
have no adverse effects to man; although some hydrocarbons are 
thought to be carcinogenic. The major problem with hydrocarbons 
is their effect on the growth of plants. Hydrocarbons such as 
ethylene, in a short time have a drastic effect on the growth 
of plants. The film-loop; "The Effect of Ethylene Gas on the 
Growth of Beaxi Seedlings" in the student packet shows these 
effects very vividly. 

The final pollutant ot the automobile we will discuss is 
nitric oxides. Nitrogen dioxide (NO2) a reddish brown gas, 
n.ake.s up the major portion of the nitric oxide problem in our 
air. Nitrogen dioxide has been shown to have many adverse 
effects to man, from irritation of gums and a cause of teeth 
to break down to an increase in man's susceptibility to micro- 
organisms. In addition to causing man harm, nitrogen dioxide 
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also effects the growth of plants and is a major source of the 
production of ozone photochemical] y. 

The source of these three pollutants is the incomplete 
combustion in the auto engine. Incomplete combustion, which can 
be thought of at times as inefficient combustion is easily 
explained. The fuel of the auto is gasoline, long chain 
hydrocarbons, some containing nitrogen, this fuel is 
mixed and compressed with air and ignited. Ideally, if a 
sufficient quantity of oxygen is present all the hydrocarbons 
present will combust completely to produce water, carbon 
dioxide, and harmless nitric oxides. However, due to the 
nature of the auto engine, this quantity of oxygen is not 
present. When the mixture is ignited with an insufficient 
amount of oxygen, incomplete combustion results. The products 
produced »re water, carbon dioxide, substantial quantities 
of carbon monoxide, nitrogen dioxide and uncombusted 
hydrocarbons . 
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INSTRUCTIONAL SEQUENCE 
PACKET 3 



These activities are directly correlated vith both a concept 
and the behavioral objective (s) . The activities are also 
rmquontially arranged so the student will attain a good working 
knowledge of each concept. The arrangement hopefully leaves 
you some options, so that you may integrate your own teaching 
styles. A few general remarks about the activities and how 
Wf see them fitting into the instructional sequence are required 
before the individual background is presented. First, due to the 
nature of the teaching of this course, all the experiments 
are placed as optional activities. Second, because the 
experiments are set up as alternate activities, the student 
write-ups and required work is left up to the teacher's 
discretion. Finally, the background to these activities is 
viewed through the eye's of its authors, the perspective 
may be different through your eyes. 

Behavioral 
Objective 

Number Concept I 

The students will complete activity A and B and either 
C, D or E. 



1 A. This seminar may be presented as a whole class 

discussion or as several small group discussions. 
The idea here is to allow the student to 
verbalize his knowledge of how man depends 
upon his automobile and how this has m turn 
led to increasing amounts of air pollution. 
We see man's dependence on the auto as: his 
need to get to and from work, his need to 
drive to the ballgame or other recreation 
facilities, or his need to drive simpl' as an 
escape from his frustrations. We see the students 
bringing forth these ideas, and many more. 
He should relate these then to an increase in 
the amount of pollution in our air, this should 
be one of the main concerns of the summary 
written by the student. 



B. This question is from ENVIRONMENTAL POLLUTION, 
it should hit at why man needs his auto from an 
economic point of view. Also, relating this need 
to an increase in the amount of air pollution, 
should be integrated into the answer. 

C. If the student chooses this activity he may 
have trouble finding adeuqate answers, suggest 
to him to use as resources such texts as: The 
Almanac, the encyclopedia and books written 
durning the early 1940 's. The answers to the 
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1970 portion of this question will be some* 
what easier for the student to locate. 

D. The quest ionaire will be prepared by the student, 
It is essential that his questions hit at how 
the auto is used and how frequently. You may 
wish to again relate this to increasing amounts 
of air pollution. 

E. This question again hits at the fact that the 
automobile produces tremendous amounts of air 
pollution. 

CONCEPT II 



The students will complete A, B and C and either C, E or 

F. 



2 A. A simple reading that covers a description 

of incomplete combustion and the effect of carbon 
monoxide on man's health. Questions 1 and 2 
in ENVIRONMENTAL POLLUTION, serves as a review 
of the readings. 

B. This study sheet. Data Sheet 1, will enable the 
student to view how much actual pollution his 
family car(s) put out into our air. Part four 
brings in the idea of man's health. Parts 
one, two and three will be different for 
different types of autos, this may serve as an 
interesting sidelight, whether the smaller autos 
produce as much pollution as larger autos. 

You will need to provide each student with a 
copy of Data Sheet 1. 

C. This question is along the same vein as the 
preceding activity, although it applies on a 
national scale. 

3 D. This experiment is not written in any text, 

below is how it might be set up and some of the 
possible conclusions that might be drawn. 

THE EFFECT OF CARBON MONOXIDE ON THE ACTIVITY OF MICE 

Equipment: four mice 

two containers which will sustain a closed atmosphere 
quantities of sulfuric acid concentrated 
quantities of formic acid concentrated 
two gas introduction apparatus as drawn on page 36 

Procedures: The cages which must be air tight are to be set up 
as shown in the diagram. Two mice are to be placed into each 
cage, one cage serving as a control for the other, 5ml of formic 
acid should. 
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bo introduced into the flask (containing the sulfuric acid, the 
cjuantity is not important. Wlion bubbling ceases, add another 
5ml. and a 3rd 5ml may be needed to be added. m this way the 
amount of carbon monoxide prodiu-cd rzin controlled. The student 
can then observe the activity (U mice in the control chamber and 
those in the experimental chamber. 



For admitting 
formi^ 



ac 



I 





aquarium 
pump 



sulfuric 
acid 



Kxperimentpl 
mouse 
cage 




Empty Flask 



It was not the idea to hand the student a copy of a written 
experiment. This is to be a chance for the student to use his 
own thoughts in order that he might arrive at a workable 
experiment to show the effect of carbon monoxide on mice. You 
arc to serve as a source of background Lnd helpful hints. 

E. The video-tape- "Auto Air Smog Relationship" 
by Chrysler's Don Lofftus will be available 
along with this unit. The Data Sheet 2 
accompanying the activity will enable the 
student to review specifically the carbon 
monoxide portion of the tape. You will 
need to provide each student with a copy of 
the Data Sheet. 

F. This experiment shows the effects of carbon 
monoxide on various materials. It also allows 
the student the chance to measure actual amounts 
of carbon monoxide produced by different sources 
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Concept III Required Activities: 



A. Here again is a simple reading activity. It 
explains the production of hydrocarbons and 
their effects upon the growth of plants. 

B. This is a continuation of Activity A. It 
covers basically the same questions except 
they are now related to the production of 
hydrocarbons and their effect on the growth 
of plants. 

C* This D?ta Sheet denls with the readings. It 
is to provide the student with a review of 
the material he has read. 



D. The film-loop is the same one used in Packet 2. 

The effects of air pollution on plants and animals 
It also applies very directly to the concepts in 
this packet. 
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Concept IV Required Activities: 



A. Another reading activity, this selection deals 
with the production of nitrogen dioxide and 
its effects upon the health of man. The 
students will complete activities A, B and C 
and either D, E or F. You will need to supply 
a copy of Data Sheet 4 for each student. 

B. The final portion of Data Sheet 1. Here we 

are dealing with nitrogen dioxide production and 
questioning the effect of its increase in our 
atmosphere on the repiratory problems of man. 

C. This question deals with the production of 

nitrogen dioxide, it is deficient in that it 
does not relate to the effects to roan's health. 

D. Data Sheet 4 is composed of fabricated data to 
allow the student to place himself in a position 
such that he must explain the problem of 
nitrogen to the public. His main point should 
be that if the air standards are not improved 
the number of respiratory problems will in- 
crease out of proportion. 

E. This activity deals with the effect of nitrogen 
dioxide on many plants and flowers, it is 
more of an enlightenment type activity than an 
activity to teach the concept. 

F. This experiment deals with the measuring of the 
amounts of nitrogen dioxide produced by certain 
sources. It is stright forward as are all the 
exporimonl-R tokon from KNVIRONMF.NTAL POLLUTION. 



At this time administer the post-test. 
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SETTING 



We hear much today about the "Air Pollution Problem" and 
almost everyone will admit we have serious problems concerning 
dirty air. These problems have solutions but before we can 
talk about possible solutions we must know the causes of air 
pollution. For any solution to be effective it must relate 
directly to the causes of the problem. 

This set of packets (2,3,4) deal, with the cources and 
causes of our primary pollutants. You will be looking at two 
major sources of pollution, aumtomobiles and industry, along 
with other contributing factors, inorder that you will have a 
better understanding of what is causing our air pollution 
problem. 
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CONCEPTS: PACKET 3 



I. Mun's increasing dependence upon the auto has produced an 
increase of carbon monoxide, nitrogen dioxide « and hydro- 
carbons in our atmosphere. 

II. Incomplete combustion in the auto engine results in the 
production of carbon monoxide which effects the health 
of man. 

III. Hydrocarbons emitted in auto exhaust affect the growth of 
plants . 

IV. Nitrogen dioxide, emitted in auto exhaust, contributes to 
man's respiratory problems. 



Concepts BEHAVIORAL OBJECTIVES 

I 1. Upon completion of this packet the student 

will list and describe, in a few sentences, 
three ways that man's increasing dependence 
upon the auto has resulted in an increase 
in certain air pollutants. 

II 2. After completing the prescribed activity the^ 

student will'^tate in a sentence how carbon 
monoxide results from incomplete combustion 
in the auto engine. 

II 3. Given a list of effects on man's health the 

student will choose the primary effect of 
carbon monoxide on man's health. 

Ill 4. The student will select the main effect of 

hydrocarbons, resulting from auto exhaust, 
on the growth of plants when given a list of 
effects on plant growth. 

IV 5. When presented with a list of- man's health 

problems, the student will select the respiratory 
problems that are aggravated by the increase 
of nitrogen dioxide in the air we breath. 



At this time take the pre-test. 
Obtaine a copy from your teacher 



ACTIVITIES " • • ••• 

Behavioral 
Objective 

Number Concept I Required Activities: 

1 A. You will complete A, B, and either C, D, or E. 

a. A class seminar on how man's dependence upon 
the automobile has lead to an increase in air 
pollution. After the discussion you will 
write a summary of the main ideas brought 
forth in the seminar. 

b. Answer the following question in a paragraph: 
"Are automobile an economic necessity in 
North America, knowing that the usage of the 
automobile increases Air Pollution. " 

c. Chart a comparison of the number of auto's/ 
person and how they were used in the post- 
war 1940 's versus the number of autos's/ 
person and how they were used in the early 
1970's. 

d. Prepare a questionaire and graph the results 
for at least five families, indicating data 
on the type of use and the frequency of use 
different family members make of the automobile, 

e. Question 1, Case Study 8.5 in Environmental 
Pollution. 

Concept II Required Activities: 

To obtain a greater understand of Concept II you will do A and B, 
and either C, D, or F. 

2&3 A. A foundation for Concept II and be obtained by 

reading pp 23-27 in Air Pollution Primer, pp 96- 
100 and pp 113-115 in Environmental Pollution. 
Then complete questions one and two on pp 115- 
116 of Environmental Pollution. Related 
readings which are recommened are listed below. 

Air Pollution Primer p 38 

A Citizens Guide to Clean Air pp 83-84 

Progress and the Environment pp 84-85 

B. Part one of Data Sheet 1. 
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C. Question 3, Case study 8.6 in Environinental 
pollution. 

D. Set up an experiment to show the effect of 
varing amounts of carbon monoxide on the activity 
and respiration of mice. (The instructor's 
approval is required for this experiment.) 

E. Complete Data Sheet two after viewing the video- 
tape; "Auto Air Smog Relationship" by Chrysler's 
Don Lofftus. 

F. The carbon monoxide portion of Field Study 7.6 
in Environmental Pollution . 

Concept III Required Activities: 

A. The following readings will provide you with 
the background for Concept III. In these 
readings you should look for the effects of 
hydrocarbons on plant growth. 

Environmental Pollution pp 124-126 
A Citizens Guide to Clean Air p 86 
Air Pollution Primer pp 39-40 and p 82 
"From Ethylene" 

Completion of the following activities will provide 
an indepth look at Concept III. 

B. Part two data sheet one 

C. Data Sheet Three 

D. A review of the film-loop; "The Effects of 
Ethylene Gas on the Growth of Bean Seedlings". 

Concept IV Required Activities: 

A. To obtain a working knowledge of Concept IV, 
read pp 119-122 in Environmental Pollution and 
p 41 and pp 55-74 in Air Pollution Primer . 
Keep in mind that nitrogen dioxides are 
accused of being a cause of respiratory health 
problems. Reading the prescribed selections 
provides only a basic background in to the 
air pollutant nitrogen dioxide. To further 
your knowledge of Concept IV you will complete 
B and C, and either D, E, or F. 

B. Part three of Data Sheet One. 

C. Question 4, Case Study 8.6 in Environmental 
Pollution. 



firr-Y prn*j F*.-!,, 



D. Data Sheet Four 

E. In Eduquip Air Pollution Study Program Manual 
Experiment 1 B, Chapter 4? "The Effect of NO2 
on Various Plants and Flowers." 

F. The nitrogen dioxide portion of Field Study 
7.6 in Environmental Pollution. 



At this time take the post test. 
Obtain a copy from your teacher. 



DATA SHEET 1 



The automobile produces on the average 64 lbs. of carbon 
monoxide, 600 lbs. of hydrocarbons, and 400 lbs. as it combusts 
a gallon of gasoline. Use the above knowledge and your own 
resources to answer the following questions. 

Part one; 

1. How much carbon monoxide does your family car produce 
per mile? 

2. Monitor your family car for four weeks. Graph the 
amounts of carbon monoxide per gallon produced each 
week. If you have more than one car in your family, 
monitor these also and compare the resulting graphs. 

3. If we make the assumption that carbon monoxide molecules 
are cubic in shape. At room temperature and pressure we 
can assume that 64 lbs. of carbon monoxide will occupy 
31.4 cubic inches. If your family car was idling at 

20 mph, how long would it take to fill your living room 
with carbon monoxide? 

4. How would increasing the amount of oxygen supplied to 
the carborator decrease the above amounts of carbon 
monoxide? 

Part two: 

1. How much hydrocarbons does your family car produce per mile? 

2. Monitor your family car for four weeks. Graph the amounts 
of hydrocarbons per gallon produced each week. If you 
have more than one family car, monitor these also and 
compare the graphs . 

3. Why might some auto's produce more hydrocarbons than 
others? How can you tell when an auto is producing 
hydrocarbons? 

4. Flow do you think the plants and trees in your area would 
be effected if the number of autos kept increasing and 
there were fewer pollution '::ontrol standards. 

Part three: 

1. How much nitrogen dioxide does your family car produce 
per mile? 

2. Monitor your family car for four weeks. Graph the 
amounts of nitrogen dioxide produced each week. If ' 
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you have more than one family car, monitor these also 
and compare the graphs. 

In the area you live do you see any effects of nitrogen 
dioxide on the respiratory problems of the people living 
around you? Why or why not? 



DATA SHEET 2 



Don Lofftus is a representative of Chrysler. After viewing his 
presentation write a summary on how carbon "^°"°^^f^\^%P^°^;;^^^ 
by the auto engine and the effects on man's health by carbon 

monoxide. 



8 



^r^7 fr-fy^i "V"'! 




DA'i'A SHEET 3 



Tho foliowinq questions, to be completed after your readings, 
will further clarify Concept IV. 

1. What is the major source of hydrocarbons in the 

United States? _. Approximately 

now many tons/year come from this source? 

2. What are the two major components of a hydrocarbon? 



3. List three effects of ethylene on the growth of bean 
seedlings. 



4. 



What is meant by CARCENCXSENIC. 
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DATA SHEET 4 



As health director of the ...os /.ngeles area, you are often 
calloci upon to make press releases on the health of the people 
of this area. The EPA has recently requested that you, using 
the data from graph one, make known to the public the relationship 
between this data and any increase in the respiratory problems of 
the noopla in the Los Angeles area. In your files you find 
qrapii two, what whould you tell the people in this area about 
the relationship seen in these graphs about respiratory problems, 
and the effect of an increase of nitrogen dioxide in their air. 
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CONCEPTS: PACKET 4 



!• Many industries, that use coal as a fuel, are major sources 
of the air pollutant, sulfur dioxide. 

!!• Sulfur dioxide leads to the formation of sulfuric acid, 

which is corrosive to objects in the surrounding community. 

III. Thermal inversions along with topographical features, such 

as valleys and basins, contribute to air pollution episodes. 

IV. The interaction of sunlight with certain air pollutants 
results in the formation of photochemical smog. 

Concepts BEHAVIORAL OBJECTIVES 

I 1. After completing a map of the St. Louis area, 

upon which the major sources of sulfur dioxide 
and particulate matter are located, the 
student will correctly select from a list of 
industries, those that are major sources of 
sulfur dioxide. 

II 2. Upon completion of the prescribed activities, 

the student will write a sentence describing how 
sulfur dioxide leads to the formation of 
sulfuric acid. 

II 3. Given a list of corrosive effects on certain 

objects, the student will correctly select the 
corrosive effect of sulfuric acid, formed from 
sulfur dioxide, upon objects in the community. 

Ill 4. Given a diagram of a valley, the student will 

draw and label those conditions which will 
result in an air pollution episode. 

Ill 5. The student will correctly select factors that 

influence an air pollution episode, given a 
list of possible factors. 

IV 6. After completing the assigned activities the 

student will complete a sentence describing 
how photochemical smog is formed. 

IV 7. Given a list of air pollutants, the student 

will correctly identify two that are formed 
by a photochemical reaction. 



At this time administer the pre-test. 
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PRE-POST TEST 
PACKET 4 



Many industries are major sources of the air 
pollutant, sulfur dioxide. Correctly circle 
the industries below which are major sources 
of sulfur dioxide. 

A. Concrete Plants 

B. Power Plants 

C. Sulfuric Acid Plants 

D. Iron Foundries 

In the space provided, describe in a sentence 
how sulfur dioxide leads to the formation of 
sulfuric acid. 



Sulfuric acid is a corrosive agent. Correctly 
circle the following corrosive effects which 
are a result of the formation of sulfuric acid 
from sulfur dioxide in our air and which effect 
objects in the community. 

A. Discoloration of plants and other materials. 

B. Etching of steel girders on bridges. 

C. Dissolving of marble statues. 

D. Eating away of paint on automobiles and houses. 

Below is a diagram of a valley. Draw in and 
l^bel those conditions which are necessary for 
an air pollution episode. 





Many factors influence an air pollution 
episode. Correctly circle the following 
factors that contribute to an air pollution 
episode. 

A. A warm air mass forming above a cold air 

mass 

B. Steady accumulation of air cont^ ninants 

C. Normal air circulation 

D. Moisture in the air 

Photochemical smog results from the interaction 
of and 



Correctly circle two of the following air 
pollutants that are formed photochemical ly. 

A. Nitric oxides 

B. Ozone 

C. Pan (peroxyacetyl nitrate) 

D. Sulfur dioxide 
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PRE-POST TEST /JtlSWIlR KF.Y 
PACKET 4 
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Behavioral 

Objective 

Number 



ACCUMULATI 
POLLUTION 



STAGNANT AIR 



1. 



2. 



Many industries are major sources of the air 
pollutant, sulfur dioxide. Correctly circle 
the industries below which are major sources 
of sulfur dioxide. 

A. Concrete Plants 
(bT) Power Plants 
(cp Sulfuric Acid Plants 

D. Iron Foundries 

In the space provided, describe in a sentence 
how sulfur dioxide leads to the formation of 
sulfuric acid. 

Sulfuric acid is formed as a result of sulfur 



3. 



4. 



dioxide reacting with water vapor in the 
atmosphere. 

Sulfuric acid is a corrosive agent. Correctly 
circle the following corrosive effects which 
are a result of the formation of sulfuric acid 
from sulfur dioxide in our air and which effect 
cbjects in the community. 

A^ Discoloration of plants and other materials. 

^Py Etching of steel girders on bridges. 

(cT) Dissolving of marble statues. 

Eating away of paint on automobiles and houses. 

Below is a diagram of a valley. Draw in and 
label those conditions which are necessary for 
an air pollution episode. 





WARM AIR LAYER 
.COOLER AIR LAYER 
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Many factors influence an air pollution . 
episode. Correctly circle the following 
factors that contribute to an air pollution 

episode. 

a w£\rm air mass forming above a cold air 

^ mass 

Steady accumulation of air contaminants 

C. Normal air circulation 
O. Moisture in the air 

Photochemical smog results from the. interaction. , 
of sunlight ana pollutants or nitrogen dioxide 

Correctly circle two of the following air 
pollutants that are formed photochemically. 

Nitric oxides 

(bT) Ozone 

(Q Pan (peroxyacetyjl nitrate) 

D. Sulfur dioxide 
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BACKGROUND INFORMATION 
PACKET 4 



"The Relationship of Wcuther and Air Pollution" may be 
mis loading. The packet is a potpourri of the (nain industrial 
pollutant sulfur dioxide, and what is referred as contributing 
factors. The contributing factors being thermal inversion and 
photochemical smog. 

Sulfur dioxide comes mainly from industries which use 
fo5isile fuels, such as coal, containing sulfur as an energy? 
source. When combusted, the sulfur is converted to sulfur 
tlioxide, a colorless gas, with a sharp chokiag odor. The 
o(ior is not to be confused with the odor of hydrogen sulfide, 
rotten eggs. Sulfur dioxide consitutes approximately 18% 
of the total accumulation of air pollutants. it is produced 
mainly by copper smelters, steel mills, oil refineries, paper 
mills, sulfuric scid plants, and non-nucleur power plants. 

Sulfur dioxide by itself is irritating to the upper 
respiratory tract of man? however, the main problem with sulfur 
dioxide as an air pollutant stems from the reaction of sulfur 
dioxide with water vapor in the air to forih sulfuric acid. 
The resultant sulfuric acid, the same acid used in auto batteries, 
IS very corrosive tor metals, paints, skin and most other 
materia 1 s . 

Thermal inversions and photochemical smog are not causes, 
they are more results or factors that contribute to the pollution 
of our air. Briefly, thermal inversions are episodes in which 
air pollutants accumulate in a layer of cold air near the surface 
of the earth, trapped by stagmant air circulation and a lid of 
warmer air. These episodes are explained in greater depth in 
the reading selections. 

Photochemical smog can be thought of as an air pollutant; 
however, it is not spewed from any industrial smoke stack or 
expelled from any auto exhaust pipe. Rather, it is formed from 
the interaction of air pollutants already in our air, and sunlight 
to form a now type of air pollution. The reaction is complicated 
but can be explained easily via an example. Ozone is produced 
in a reaction of nitrogen dioxide and sunlight. Nitrogen dioxide 
produced by various sources is expelled into the atmosphere. 
Sunlight, radiant energy, reacts with the nitrogen dioxide to 
produce nitrous oxide and an energetic oxygen as shown in the 
following equation: 

NO2 + :iunlig"it = NO + O* 

Thf; oxygen with extra energy reacts with atmosphereic 
oxygon (O2) to form ozone (O3) . Ozone is very reactive, having 
a very corrosive effect on many materials. in a similar manner 



other photochemical reactions occur producing very noxious air 
contaminants. 

This is very elementary foundation upon which this packet 
is based. It is again urged that you take time to read further 
into the subject of the causation of air pollution. 
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INSTRUCTIONAL SEQUENCE 
PACKET 4 
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Behavioral 
Objective 

Number Concept I Required Activities: 

1 A. This activity is integrated into all three 

portions of the unit on air polluters The 
map the student will complete will be of the 
St. Louis area. It will be facilitated by the 
field trip the students take in Packet 2 of 
the problems section. Once the polluters are 
labeled, which is the heart of this activity, 
the student will use this map in the solution 
section to map air sampling sites. He will then 
be asked to make a correlation between where 
these sites are and where the polluters are 
located. You will need to provide each student 
with a copy of Data Sheet 1. 

B. Mr. Mull ins from Monsanto in the presentation 
"Industrial Environmental Pollution", 
discusses some of the industrial pollutants 
and how they are dealt with. The student 
is asked to compile a list of these industries 
and their pollutants in. order that he may better 
grasp where the pollutants originate from in 
the St. Louis Area. 

Concept II Required Activities: 

2&3 A. A reading activity which will cover the produ- 

cers of sulfur dioxide and how the formation 
of sulfuric acid from it: are corrosive to the 
surrounding community. 

2 B. A review of the readings is obtained by the 

student as he composes a paragraph on how 
sulfuric acid is formed by the reaction of 
sulfur dioxide and water vapor in the air. 

The student will complete two of the following activities. 

2^3 C. This experiment from the Eduquip text, enables 

the student to see the effects of sulfur dioxide 
upon plants and flowers, it is explained 
clearly in the text. 

D. This question will give the student a feel for 
how much sulfur dioxide is produced as compared 
to the total accumulation of air pollutants. 
It also shows the major source of sulfur dioxide 
and how we might change the quantity of this 
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pollutant expelled into our atmosphere. 

E. The answers to the questions compl<*te the 
objectives. The readings are the source of 
the answer, although they must transfer this 
to a conununity situ tat ion. 

F. This activity deals with the measuring of sulfur 
dioxide in our air and comparing several different 
samplings in the area. 

G. This activity includes the quantitive 
measurement of sulfur dioxide in the air we 
breathe. Here again samples may be gathered 
from the surrounding area and the measurements 
compared . 



Concept III Required Activities: 

A. A reading activity which will explain what a 
thermal inversion is and the factors that lead * 
up to a thermal inversion episode. 

B. The film-loop "The Thermal Inversion" available 
with this unit shows how a thermal inversion 
occurs. The accompanying cassette explains 
the principles involved and how they lead to 

a thermal inversion. 



C. The graphs of the data will look like the graphs 
below. The student should be -able to choose 
Data B as that representative of z thermal 
inversion. His reasoning should be based on the 
fact that there is a warm air layer over a 
cooler air mass. 



Data A 
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D. The demonstration of a thermal inversion as 

in this activity is very similar to the one on 
the film-loop. The only difference is the 
fact that this experiment is much easier to 
perform than the one in activity B. 

E. This activity asks the student to pool his 
knowledge of the factors that cause a thermal 
inversion and correlate it with information 
about the St. Louis area; its topography, 
air currents, and the quantity of air pol- 
lutants produced. 

F. Another experiment similar to Activicy D 
which eneiiDles the student to produce conditions 
necessary for a mock thermal inversion. 



Concept IV Required Activities: 

A. The readings here will give the student a good 
idea of how photochemical smog is produced and 
some examples of constitnent of it. You will 
need to give each student a copy of Data Sheet 2. 
Each student will complete activity A and B 
plus two of the following activities C, D, E, P 
and G. 



B. This activity involves a data sheet which relates 
to the readings in activity A. 

C,D,E. These activities are all experiments out of 

the Eduquip text. They deal with the generation 
of photochemical smog and its effect upon 
various materials. 

F. This is a reading activity with a review in the 
form of a paragraph describing the production 
of photochemical smog. 

G. The question deals with the fact that photochemical 
smog is formed in an interact of pollutants 

and sunlight. The diagram will help them grasp 
the whole picture of the factors involved in a 
thermal inversion. 



At this time administer the post-test. 
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CONCEPTS: PACKET 4 



I. Many industries, that use coal as a fuel, are major sources 
of the air pollutant, sulfur dioxide. 

II. Sulfur dioxide leads to the formation of sulfuric acid, 

which is corrosvie to objects in the surrounding community. 

III. Thermal inversions along with topographical features, such 
as valleys and basins, contribute to air pollution episodes* 

IV. The interaction of sunlight with certain air pollutants 
results in the formation of photochemical smog. 



Concepts BEHAVIORAL OBJECTIVES 

I 1. After completing a map of the St. Louis area, 

upon which the major sources of sulfur dioxide 
and particulate matter are located, the 
student will correctly select from a list of 
industries, those that arc major sources of 
sulfur dioxide. 



II 2. Upon completion of the prescribed activities, 

tho student will write a sentence describing how 
sulfur dioxide leads to the formation of 
sulfuric acid. 



II 3. Given a list of corrosive effects on certain 

^ objects, the student will correctly select the 

corrosive effect of sulfuric acid, formed from 
sulfur dioxide, upon objects in the community. 

Ill 4. Given a diagram of a valley, the student will 

draw and label those conditions which will 
result in an air pollution episode. 

Ill 5. The student will correctly select factors that 

influence an air pollution episode, given a 
list of possible factors. 

IV 6. After completing the assigned activities the 

student will complete a sentence describing 
how photochemical smog is formed. 

IV 7. Given a list of air pollutants, the student 

will correctly identify two that are formed 
by a photochemical reaction. 



At this time take the pre-test. 

Obtain a copy from your teacher. 
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Behavioral 
Objective 

Number Concept I Required Activities: 

1 A. Assume the EPA has recently employed you as 

director of clean air in the St. Louis area. 
You are an ardent employee and wish to strictly 
enforce the air standards for sulfur dioxide 
and particulate matter. What industries in 
the St. Louis Area would you suspect of emitting 
large quanta ties of sulfur dioxide and particulate 
matter? Locate these areas on the copy of a 
map of St. Louis that is provided. Data Sheet 1. 
How might you prove that these industries are 
emitting sulfur dioxide? (Note: Data collected 
on the field trip in Packet One might help 
solve this question.) 

1 B. After viewing the video-tape; "Industrial 

Environmental Pollution" by Mr. Mullins of 
Monsanto. Compile a list of the industries he 
mentioned and their pollutants. 

Concept II Required Activities: 

2&c3 A. Reading the following selections will provide 

a background for Concept II. 

Environmental Pollution pp 106-108 and 111-112 
Air Pollution Primer pp 36-37 and p 80 
Progress and the Environment pp 85-87 

2 B. From the readings, compose a paragraph describing how 

sulfuric acid is formed from sulfur dioxide 
in the air. 

26c3 You will complete two of the following: 

C. Experiment 1 A, chapter 4; "The Effect of 

on Various Materials" in Eduquip Study Manual . 

D. Question number 2, Case Study 8.6 in Environmental 
Pollution . 

E. Answer the following questions in a paragraph: 
What type of fuel is used by the power plant 
which supplies your community? What is the 
average sulfur content of this fuel? What 
economic factors contribute to the choice of 
tnis fuel? What effects to the surroundings 
are apparent as a result of the production of 
sulfur dioxide? 
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F. The sulfi^r dioxide portion of Field Study 7.6 
in Environmental Pollution * 

G. Field Study 7.8, "Sulfur Dioxide in the ^ir" 
in Environmental Pollution . 

Concept III Required Activities: 

4&5 A. Relating to Concept III, you will read pp 134- 

138 in Environmental Pollution and pp 12-18 
in Air Pollution Primer . 

To provide you with a stronger foundation for Concept 
III, you will complete B and C, and D, E, or P. 

B. After viewing the film- loop? "The Thermal 
Inversion", you will draw a diagram of a 
valley explaining the principles brought 
forth in the film-loop. 

C. Graph Data A and Data B on two seperate graphs. 
Choose the graph that represents a thermal 
inversion and explain why it depicts a thermal 
inversion. 

DATA A DATA B 

Al t i tude Temperature Al t itude Tempera ture 

625 Ft 80 C 625 Ft 80 C 

825 Ft 70 C 825 Ft 70 C 

925 Ft 55 C 875 Ft 65 C 

1125 Ft 40 C 925 Ft 72 C 

1325 Ft 30 C 1125 Ft 40 C 

D. Field study 7.10; "Demonstration of a Temperature 
Inversion" in Environmental Pollution . 

E. Answer the following question in paragraph form. 
Could a thermal inversion episode ever threaten 
the citizens in the St. Louis Area? If so, what 
factors would contribute to such an episode? 

F. Experiment number 1, chapter 3; "Temperature 
Inversion" in Eduquip Study Manual . 

Concept IV Required Activities: 

6&7 A. The following readings will provide you with the 

background for Concept IV. Read pp 127-128 and 
pp 139-143 in Environmental Pollution , and 
pp 28-29 and pp 42-44 in Air Pollution Primer . 

B. Complete Data Sheet 2, which relates to the above 
readings and also complete two of the following: 
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1. Experiment 7, Chapter 2; "Ozone" in Eduquip 
Study Manual . 

2. Experiment 1, Chapter 4? "The Generation of 
Photochemical Smog" in Eduquip Study: Manual . 

3. Experiment Ic, Chapter 4? "The effects of 
Ozone on Various Materials" in Eduquip Study 
Manual . 

4. Read pp 85-86 in A Citizen Guide to Clean Air 
and pp 87-88 in Progress and Environment • and 
write a paragraph describing how photochemical 
smog is formed and the main constitutent of 
photochemical smog. 

5. Answer the following questions: Cc^n you 
hypothesize why most photochemical smog problems 
occur in the afternoon? Explain the production 
of photochemical smog by constructing a diagram. 
Label the necessary items for smog production. 



At this time take the post test. 
Obtain a copy from your teacher. 
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Map of St. Louis and St. Louis 
County upon which may be located 
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Answer the following questions: 

1. Is ozone naturally produced? If so what purpose does it serve? 



2. Eraission of from auto causes production of 

adnormal amounts of Ozone in our lower atmosphere. 

3. The term photochemical smog refers to the interaction of 
and to produce 



4. List in the space provided four photochemical constitutants 
of smog. 

A. 

B. 

C. 

D. 
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CONCEPTS: PACKET 5 



T.. The 1970 Clean Air Act, which is sometimes referred to 
as the 1970 amendments to the 1967 Air Quality Act, has 
set limits for sulfur oxides, particulates, carbon monoxide, 
pliDtochemical oxidants, hydrocarbons and nitrogen oxides. 

II. The automobile industry is having technological and economic 
problems meeting the air pollu- n £tandards set in the 
1970 law. 

III. If the present laws prove inadequate, future legislation 
will be needed to reduce air pollution. 

Concepts BEHAVIORAL OBJECTIVES 

I 1. After completing the assigned activities, the 

student will list the six major pollutants 
regulated by the 1970 Clean Air Act. 

I 2. After completing the assigned readings the student 

will participate verbally at least three separate 
times in a group discussion of 40 to 50 
minutes on the 1970 Clean Air Act. Then, 
after completing the group discussion, the 
student will correctly select from a list the 
major components of the 1970 C2 3an Air Act. 

II 3. After completing the packet and listening to the 

video-tape speaker representing Chrysler, the 
student will correctly select from a list, two 
problems of the automotive industry in meeting 
the limits on emissions set by the 1970 law. 

II 4. Given a list of proposals, the student will 

correctly select the proposal given by the 
automotive industry, specifically Chrysler 
Corporation, as an alternative to the present 
standards to be met by 1976. 

Ill 5. After completing the packet, the student will 

list, in one sentence each, two reasons why 
future legislation might be needed to reduce 
air pollution. 



At this time administer the pre-test. 
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PRK-POST TEST 
PACKET 5 



Behavioral 
Objective 
Number 

1 1, The 19 70 Clean Air Act regulates the emissions of 

six major air pollutants. In the space provided 
below, please list the six pollutants. 

1. 



2. 



3. 



4. 



5. 



6. 



2 2. Select from the list below, some major 

provisions of the 1970 Clean Air Act. 
Circle the appropriate letter. 

A. The law will emphasize local rather than 
national ambient air quality standards 

B. The law requires monitoring of pollution 
emissions and public access to the records. 

C. The lav has set deadlines for controlling 
major emissions for motor vehicles. 

D. The hation has been divided into 25 air 
quality control regions. 



E. All of the above 



F. Both B and C 



G. Both B, C and D 



3 3. The automotive industry faces which of the 

following problems in meeting the limits on 
emissions set by the 1970 law. circle the 
appropriate letter(s). 

A. In meeting the emission standards the automobile 
companies are developing engine systems which 
consume greater quantities of gasoline; 
thereby contributing to the energy crisis. 
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B. The cost or? the anti-pollution devices 
necessary to meet the standards, is in 
the opinion of the automobile industry, 
wasteful, unnecessary and unrealistic. 

C. The industry lacks the technological 
ability to manufacture any of the emission 
control devices. 

D. The standards established in 1970 requires a 
new engine instead of the internal combustion 
engine. However, the type of engine was left 
to the industry. 

E. All of the above. 

Chrysler Corporation has proposed an alternative 
to the 1970 standards. Circle the correct 
proposal from the list below. 

A. Reduce the federal standards by 50 percent, 
a "more realistic level." 

B. Suspend permanently the federal standards and 
allow the states to establish their own 
standards based on need. 

C. Congress should suspend the 1975-76 standards, 
and allow the EPA to establish new standards 
based on need, cost and feasibility. 

O. The Supreme Court should rule the 1970 
Clean Air Act unconstitutional because the 
automobile industry was denied due process 
of law. 

In the space provided below, list two reasons in 
one sentence each, why future legislation might 
be needed to reduce air pollution. 

A. 



B. 
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P RE-POST TEST ANSWER KEY 
PACKET 5 



Behavioral 

Objective 

Number 

1 



2 



1. The 1970 Clean Air Act regulates th^ emis&ions of 
six major air pollutants. In the space provided 
below, please list the six pollutants. 

1. Particulate 

2. Su. fur Oxides 

3. Carbon Monoxide 

4. Photochemical Oxidants 



5 . . Hydrocarbons 



6. Nitrogen Oxides 

2. Select from the list below, some major 
provisions of the 1970 Clean Air Act. 
Circle the appropriate letter. 

A. The law will emphasize local rather than 
national ambient air quality standards 

B. The law requires monitoring of pollution 
emissions and public access to the records. 

C. The law has set deadlines for controlling 
major emissions for motor vehicles. 

D. The hat ion has been divided into 25 air 
quality control regions. 

E. All of the above 



G. Both B, C and D 

3. The automotive industry faces which of the 
following problems in meeting the limits on 
emissions set by the 1970 law. Circle the 
appropriate letter(s). 



A.' In meeting the emission standards the automobil»e 
companies are developing engine systems, which 
consume greater quantities of gasoline; 
thereby contributing to the energy crisis. 




Both B and C 
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The cost (^f the nnti-pollution devices 
necessary to meet the standards, is in 
the opinion of the automobile industry, 
wasteful, unnecessary and unrealistic. 

C. The industry lacks the technological 
ability to manufacture any of the emission 
control devices. 

D. The standards established in 1970 requires a 
new engine instead of the internal cornbustion 
engine. However, the type of engine was left 
to the industry. 

E. All of the above. 

4 4. Chrysler Corporation has proposed an alternative 
to the 1970 standards. Circle the correct 
proposal from the list below. 

A. Reduce the federal standards by 50 percent, 
a "more realistic level." 

B. Suspend permanently the federal standards and 
allow the states to establish their own 
standards based on need. 

Congress should suspend the 1975-76 standards, 
and allow the EPA to establish new standards 
based on nef-d, cost and feasibility. 

D. The Supreme Court should rule the 1970 
Clean Air Act unconstitutional because the 
automobile industry Was denied due process 
of law. 

5 5. In the space provided below, list two reasons in 

one sentence each, why future legislation might 
be needed to reduce air pollution. 

NOTPJ: The four most likely correct responses are: 

A. An increasing reliance upon the automobile 

B . An increasing number of automobiles 

C. A greater concentratioa of auto traffic in 
urban areas 



D. Present standards might prove to be inadequate 
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n/^C KG ROU N i ) IN 1 '( ) RMAT I ON 
PACKET 5 

Some two and a half years have passed since Congress enacted 
c-md the President siqned the Clean Air Act of 1970. setting in 
motion a vitjorous attack on air pollution in the U. S. The act 
has been called the single most important piece of environmental 
legislation ever passed by Congress. That statement is debatable. 
However, the law does have far reaching effects. 

What follows is a condensation of the major components of 
the 1070 Clean Air Act. (Hereafter referred to as "the act." 

1. The act established Air Quality Control Regions. These are 
the geographic units in which the control processes take 
place. The country has been divided into about 250 regions. 
Kogional boundaries are based on such factors as 
urbanization, topography, climate and special factors 
affecting the air quality conditions for a given area. 

2. The act established National Ambient Air Quality St andards. 
These standards are maximum levels permitted for air 
pollutants. The important item to understand with respect 
to air standards is the fact that there are two kinds of 
standards; primary and secondary. Primary standards are 
designed to protect public health while secondary standards 
are designed to protect public welfare. 

3. One of the important aspects of the act was the Implemen tation 
Plans. By now, all of the regions have established an 
implementation plan. 

4. The act has set deadlines for automobile emissions. The 
1975 model year was the deadline date for emissions of 
carbon monoxide and hydrocarbons. However, in 1973 the 

EPA (Environmental Protection Agency) granted the automakers 
a one year extension. The automobile manufacturers still 
contend that these standards are too tough. Herein lies 
the controversy. 

5. As with the nature of any law, the Act has a strong enforcement 
section. If a state fails to enforce the emission standards; 
then the EPA, representing the federal government, may step 

in and enforce the law. 

6. in addition to the ambient air standards, the act requires 
the EPA to set Standards of Performance for new and 
"modified" stationary sources of pollution. This section 

of the law places direct limitations for all major pollutants 
form specified types of sources, such as Portland Cement 
Plants and municipal incinerators. 
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Tho KPA has set the national .imbient air quality standards 
for six major classes of pollutants as listed in the table on 
tho pn jr.'. 

NATIONAL WIBIKNT AIR QI AUTY STANDARD.: 
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For a better understanding of the 1970 Clean Air Act, the 
instructor should read: 

1. A Citizens' Guide to Clean Air , The Conservation 
Foundation, 1972, 1717 Massachusetts Ave^, N. W. , 
Washington, D. C. 20036. 

2. "Enforcing the Clean Air Act of 1970," Scientific 
American , June, 1973, Volume 228, Number 6, pages 
14-21. (ADi excellent article) 

One of the important ramifications of the 1970 Clean Air 
Act is the criticisms the law has received from the automobile 
industry. The auto industry contends that the law is too 
rigid r therefore, the standards should be suspended and revised. 
Chrysler would like to meet some type of standards without the 
use of a catylst. However, the automobile industry also states 
that the technology is not available to meet all of the standards. 

The second important contention by the automobile industry 
is the cost factor. Based on the literature provided to the 
LKK project by Chrysler Coropora t ion, the automakers find two 
specific drawbacks of the 1970 Clean Air Act. 
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1, Chrysler states that costs would be eight times greater 
than benefits. Notice, that the one million dollars in 
benefits, as a result of the law, is only to "material 
and vegetation" but not to health. 

2. Chrysler states that the waste of resources as a result 
of the proposed emission control systems is too costly. 
It is generally recognized that present emission control 
systems result in an increase in fuel consumption and 
concurrently an increase in cost. 

Therefore, the automobile industry feels that (using Chrysler's 
words) "the country is headed for an economic and technological 
confrontation." One of the tasks of the instructor of this 
air pollution unit is to help the student (s) understand the 
meaning and implications of this possible confrontation. 

Concept III (if the present laws prove inadequate, then 
future legislation will be needed to reduce air pollution) 
becomes an important topic of discussion as a result of the pos- 
sible impending confrontation between the auto industry with 
its powerful lobby, and the federal government. If the auto 
industry is effective, then the 1970 Clean Air Act will be 
amended. 

On the other hand, if the American people continue their 
heavy reliance upon the automobile and the number of 
automobiles continues in its dramatic rise? then future 
legislation with stricter standards might be needed. 

Some little tidbits of eco- trivia to the disbeliever of 
the need for tough emission standards. 

1. Dateline-Tokyo: Residents of this huge metropolis can 

purchase oxygen from clean air machines 
in the downtown area. 

2. Dateline-Los Angles; During smog alerts, traffic 

cops sometimes wear masks. 
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INSTRUCTIONAL SEQUENCE 
PACKET 5 



Behavioral 
Objective 
Number 

1&2 



Concept I Required Activities: 

A. The first activity is a reading assignment. 
This reading assignment is designed to prepare 
the student for the group discussion of 
activity two. The Citizen's Guide to Clean 
Air has three sections of readings for the 
students. However, the teacher should familiarize 
himself with the entire pamphlet. There is an 
excellent appendix is a glossary which is not 
highly technical. Be sure to point out this 
glossary to the students. Students should 

lock for pollutants which are regulated by the 
Clean Air Act of 1970. The second reading, 
from Progress and the Environment , pages 95- 
100, is important. Within this reading are 
contradictions to the Chrysler articles found 
in the student packet. 

B. This activity is merely an extension of activity 
one. Having familiarized himself with readings, 
the instructor should strive to obtain the 
following goals for the group discussion: 

1. Students should continue to develop and 
use good discussion skills. 



2. Develop a clear understanding of the 

meaning of the 1970 Clean Air Act. There 
are some terms that might have caused the 
students some problems. The beginning of 
the discussion is a good time to have the 
students try to define terms, such as, ambient, 
parts per million, emission standards and 
variance. 



3. It is very important that the student 
understands the emission standards for 
automobiles. Dates are very seldom mentioned 
in ecology r however, the students should 
be made aware of the deadline dates for 
automobile emissions. Some students might 
have difficulty with understanding what is 
meant by "90 percent froxii 1970 's partially 
controlled level." Through group discussion, 
seek a clarification of the dates. 
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4. Durinc^ tho Last part of the discussion^ 
the instructor should set the framework 
for the possible confrontation between the 
federal governnient (EPA) and the automobi 
industry over the emission standards to be 
met* 

C&D These activities are simple writing assignments 
designed to aid the student in understanding 
the 1970 Clean Air Act. The only area the 
instructor needs to be concerned with is the 
primary and secondary standards* Make sure 
the students emphasize that the primary 
standards are designed to protect public health. 

Concept II Required Activities: 

Ap The reading assignment presents Chrysler 

Corporations views on both the air pollution 
problem and the 1970 Clean Air Act. 
Obviously, Chrysler presents a different set 
of statistics and data. The instructor might 
be confronted by a confused student at thi^ 
time. After reading the Ch rysler materj arl and 
the readings in Concept I, ActivoTty A^ a student 
might, and hopefully will, question the accuracy 
of some of the data. This is good. Point out 
to the student (s) that one of the problems in 
studying air pollution is the accuracy of some 
of the data. 

B. The video-tape used as this activity is available 
through the Administration Building, Mr, Verlin 
Abbott, Parkway School District. Because of 
three high schools in the district, it will be 
necessary to reserve the tape a few weeks in 
advance. The instructor should have copies of 
the Data Sheet 1 available for the students • 

Concept III Required Activities: 

A. This activity is a group discussion. Again, 
one of the purposes of the discussion is for 
the students to practice developing good 
discussion skills. This is an important discus- 
sion because the instructor has two functions 
to fullfill. 

1. Two possible routes of legislation can 

develop. First of all, if the automobile 
industry has its way, the standards in 
the 1970 Clean Air Act will be suspended. 



Ask the students their opinions of the 
need for lowering the emission standards. 
The second route of legislation is passage 
of stricter emission laws. Man's increasing 
dependence upon the automobile and increasing 
numbers of automobiles might require this 
action. During this discussion, try to limit 
the topic to legislation. Mass transit 
and changing life styles will be discussed 
in later packets. 

2. If time allows, this is a good time to seek 
clarification of the variety (and sometimes 
contradictory) data presented • Student 
discussion can center around the data 
presented by Chrysler and the accuracy of 
the data. If some students are really 
interested, a research project could be the 
result of this discussion. 

B. This is an inquiry activity. If a student is 
really interested in local standards and/or 
further information, this might be of interest. 
This is definitely an independent student act- 
ivity with the teacher only providing assistance 
in the areas of where to seek information. One 
possible source of information is St. Louis 
Countys' Air Pollution Control Office, 801 
S. Brentwood Blvd. Tel No. 726 1100 



At this time administer the post-test, 
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Since most environmental problems are man-made? the 
possible solutions should come from man. Air pollution is cne 
of those environmental problems and man either has or is in 
the process of developing the know-how to solve certain 
aspects of the problem • 

Possible solutions can develop in three areas. Firsts 
man can and has passed laws regulating the amount and type 
of pollutants that can be placed in the air. Secondly, man 
through scientific research can develop the technology 
necessary to keep automotive and industrial pollutants from 
ever being placed in the atmosphere* Finally, and perhaps the 
most important and most lasting of all possible solutions 
is for man to develop a value system which reflects a concern 
for preventing and eliminating air pollution. 
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CONCEPTS: PACKET 5 



I. The 1970 Clean Air Act, which is sometimes referred to 
as the 1970 amendments to the 1967 Air Quality Act, has 
set limits for sulfur oxides, particulates, carbon monoxide, 
photochemical oxidants, hydrocarbons and nitrogen oxides. 

II. The automobile industry is having technological and economic 
problems meeting the air pollution standards set in the 
1970 law. 

III. If the present laws prove inadequate, future legislation 
will be needed to reduce air pollution. 

Concepts BEHAVIORAL OBJECTIVES 

I 1. After completing the assigned activities, the 

student will list the six major pollutants 
regulated by the 1970 Clean Air Act. 

I 2. After completing the assigned readings the studert 

will participate verbally at least three separate 
times in a group discussion of 40 to 50 
minutes on the 1970 Clean Air Act. Then, 
after completing the group discussion, the 
student will correctly select from a list the. 
major components of the 1970 Clean Air Act. 

II 3. After completing the packet and listening to the 

video-tape speaker representing Chrysler, the 
student will correctly select from a list, two 
problems of the automotive industry in meeting 
the limits on emissions set by the 1970 law, 

II 4. Given a list cf proposals, the student will 

correctly select the proposal given by the 
automotive industry, specifically Chrysler 
Corporation, as an alternative to the present 
standards to be met by 1976. 

Ill 5. After completing the packet, the student will 

list, in one sentence each, two reasons why 
future legislation might be needed to reduce 
air pollution. 



At this time take the pre- test. 
Obtain a copy from your teacher. 
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ACTIVITIES 
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Behavioral 
Objective 
Number 

1&2 



Concepts I Required Activities: 

A. The following readings pertain to beha\ 'oral 
objectives one and two. Other readings are 
available, and if interested one can refer to 
the student bibliography at the end of this 
packet. Look for pollutants regulated by 
Clean Air Act of 1970. 



3&4 



A. A Citizens Guide to Clean Air^ Required 
reading is pages 15 to 19; optional 
readings are pages 27-35 and pages 42-61. 

B. Progress And The Environment: Water And 
Air Pollution, Read pages 95-100. 

B. After reading about the 1970 Clean Air Act you 
should participate in a group discussion to 
clarify the major components of the 1970 Clean 
Air Act. The second part of the discussion 
will explore the implications of this piece of 
legislation. 

C. Prepare a paragraph summary or an outline of 
what steps are taken during an air pollution 
episode as described in the 1970 Clean Air 

Act. Limit your summary or outline to one page. 

D. List the limits set in parts per million for the 
six major air pollutants controlled by the 1970 
law. Then explain in one paragraph why there 
are primary and secondary national ambiant air 
quality standards. 

Concept II Required Activities: 

A. The following readings, found in this packet, 
pertain to Concept II. 



A NOT TO THE READER: 



The automobile industry has reacted 
negatively to the 1970 Clean Air Act. The 
industry has disagreed with both the emission 
standards to be met and the deadline date by 
which they must meet these standards. 

In reading the following four articles by 
Chrysler Corporation, at all times keep the 



3 



BEST COPY Av:'.ii;.:i^ 



source of information in mind. These fovr 
articles are included so as to present tae 
reader with the automobile industry's point 
of view. Be alert to the fact that the data 
presented is from the automobile industry. 
Chrysler Corporation is one of the "big three" 
of the automobile industry. Chrysler's 
viewpoint generally represents and mirrors the 
attitude of the other two manufacturers; Ford 
and General Motors. 

A. "Let's Have Clean Air - But Let's Not 
Throw Money Away . " 

B. "Position Statement by Chrysler Corporation 

on the Health Effects of Automotive Emissions." 

C. "Thirty Handy Pacts on Safety, Highways and 
Emissions . " 

D. "The Air Is Getting Cleaner (To Bad It's 
Still A Secret) " 

3&4 B. A video-tape is available at this time. The 

speaker is Don Loftus representing Chrylser 
Corporation. Mr. Loftus presents the automobile 
industries views and attitudes relating to the 
1970 Clen Air Act. When listening to the speaker, 
take notes of the main points of the presentation. 
Before viewing the video-tape, ask you instructor 
for a copy of the Data Sheet 1. 

Concept III Required Activities: 

5 A. You should participate in a discussion on the 

possible need for future legislation to reduce 
air pollution. Before the group discussion, 
review the position of the automobile industry 
and the provisions of the 1970 Clean Air Act 
for local standards. 

B. An optional inquiry activity: Are local ambiant 
air quality standards different from the 1970 
standards? If so, what pollutants have different 
standards? If possible, inquire as to why the 
local standards are different from the national 
standards. A possible source of information is 
St. Louis County's Air Pollution Control Office, 
801 S. Brentwood Blvd. Tel. 726 - 1100. 



At this time take the post test. 
Obtain a copy from your teacher. 
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Video-tapo present iit ion by Mi . Don Loftus representing Chrysler 
Corporation. 

1. According to Mr. Loftus, how serious is the air pollution 
problem? 



2. According to Mr. Loftus, what are two problems encountered 
by the automobile industry in trying to meet the 1970 emis- 
sion standards? 

A. 



B. 



3. What does Mr, Loftus propose as an alternative to the 

present standards as established in the 1970 Clean Air Act? 



o 
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REDUCTION IN EXHAUST EMISSIONS 
lAft^ (FROM UNCONTROLLED LEVELSI 



0\ri ilu* iM-^l Iru years. lhi» auli>iiii>l)ile indus- 
II V lui> lM«f»ii >ul>nrted ti> a >lrad\ Mrrain of 
re;;iilalnin^. irviriiiions. and ^lamianU ulmh 
hav«' .iti«'('U»cl l\w wav wedo |iusirii>!«. 

Sniiif III tlii iii roru'iTn i)ril\ Drlroii. Hut ollins 
ha\f ^oiiH- lai itMcliin;; iniplicaliori^ lo relali^l 
ififliiHli irs .iimI ill till* \m(*rii'an coiisunKT. 

Ilii^ iMiokli l ilraU wilh our inajiH* pri)l)|(*iii — 
a piiililiMii thai ap|K»ars In afftf I just thr aiilo- 
mnitilt* l»u^ini>-. lull poin«: \n havf a vrtv nal 
and iiiiiiiiMliair rlliii nil llir tiiiiif nation. Thai 
I** iIm» ({urMioii (it innrasi'd i niiirnU on anlonm- 
li\i* i*iiii'*«»iiin'*. 

HISTORY OF EMISSION CONTROLS 

I 111* .ttildinoliilr niihiMrv ni tnlal MJppoil nt 
llii iIm\i liii i ll Mil .lir. ihvx till* MMi>» it Uix^ 

II kill h.iid hi |iiiiii'it till' rnvifoiiinrni .ind 
iiMjiKivr ail i]ualii\ . 

I III loiiij^tiv Uiaiiii* iliri i tiv iiivoKnl Kai k iii 
llir vvlii-n tiir < alit'oiiiia Institilti* nt i i rli. 

fin|i.;r\ atiil l.ii- Aii^ie lcs i oijlitv lil-t Ih-^.iii In 

nil iili(\ till- rlnrn iil> ol photuchiMnital snio;!. ami 
ihf df^iiir lit ii v|M»iisi|ij|itv (hat aiJtonioliili* 11111**- 
Miiii-* li.iil llir I II Mliii<i that ^nin*:. Tin- aulonmhilr 
inilii-li\. uorkui;; uitli ^nvn niiirnt and uni\fT*»it\ 
%<'iriilM-. h*'l|H'd dr\i»lop ihr iiistrniuriits and 
lf*»t piiK i ilmvH riiM-drd III l**arii almui lin* atinos- 
phi'tr. Xihl iimii- <iii niat<* infmination hiu aini" 
av.nlahlr. llii* nnhi-lu'^ rnpimrr** >v\ to uork In 
rliiinnatr ihr aiJtofniii)ih* a^ a major fa< tor in 
till' an p<«lliitioii pi(i|ih»ni. 
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IhtTr wa> vtT\ little pul)li<' rfro^nitiori oi ihr 
indu>lr\ ar|iirv«*niriils over ihr \imis. hut 
there was a jjreat s^nM' of urgenc y about cii aning 
up the atmosphere. The result wa^ the passajrr of 
theClean Air Aetof l<>70. 

THE 1970 CLEAN AIR ACT 

\nion«£ otiirr thiiip?*. that \< t rnpinv^ that li\ 
thi- I97r> nio<h*| yar. aiitonioti\r nni^^ion^ nf 
tailinn iiioiiiixidr ami h\dnMarhi.u> nui>l Iw 
ivdmi'd <Hl ikTienl from 1070 levels. |{\ |<}7(i. 
i*niis^iitii> of o\idi> ofnitiop-n must Im- prn eiit 
U^lim a\iMa«ir h^eis ot uiu oiitronrd l«>71 \i liu Ir^. 

Wliat is nlteii overlooked is die lat t that enii>' 
'*ioii> of iudrnearhon** are alreaiK iln pernnt 
Iw li u those of unrontioiied \ehii le-. ( ai lion 
iiionoxidt* enii>!«ioii> ha\e aheadv fM»en nit 7n jkt 
c'«*nt. olid nxidi> of nitro<£(*n ha\e ini n 1 nt iiv .">ii 
|x*r( ent. { Ki^. I I 

fhe tat I is that the I075-76 slan<jariU adualU 
rf»<pjire a 07 pereeiil redia tion of luilroi ailmn- 
rompared uith unronlrolled vehn le^. pi-n ejit 
on <arl>on innrioxid(\ ami 0:J jxTcent on oxides nl 
nitrogen. < Kio. 2 1 
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Ufff fitltri sunjL;t\sir<) u> lopual apprnarhi's to 
rrnvtiiijii iht* nrn >larKlar(U. 

<iivi n all ihrs*' a>suinption}^. it is a litllt* fasirr 
to utKlrMand how mvn who w^rr >inc<Tely trying 
U* M>lvf what thfy U^lit^veci to Iw a very real prob- 
lem rouM (lt vi>r thr 1970 Act. The motivation 
was Mronp, and in the absence of facU a stringent 
apptoa< h MH*mr<l to In* the most appropriate. 

MEETING THE STANDARDS 

Ibf initial irnlu>try rrspon^*. after the shook 
worf oil, waji to ditennine how to meet those 
Htan(lard>. Our mfiinfers explored the suggested 
alternatives ->turbine>. eleetrieit\, and steam. But 
t*\t(*nsiv(* tf ^^ling and exfMrrimentation Ifd to the 
ronriu^ion that nithin the time limits im|M»sed on 
thf indiiMrv. there >et nis to \n* no powfT source 
other than the internal combustion engine that 
will meet the rtN]uirements for driveability, 
durability, tue»I consumption, and cost. 

BasicalK the same drawbacks apply to the 
s«M ond option, emission control devices added on 
outsidt* th* engine. These catalytic and reactor 
applications Irave a lot to be desired in term, of 
cost, efticit*nc\, and durability. 

Ihr third option is in continue improving the 
internal combustion engine. The industry haN 
alrf ad\ madi* a great deal of progr«*s> with this 
approach, and at a rraM)nabie rost to tlu* con- 
sumrr. t hat progress was ade<]uately >urnmpd up 
bv llr. \. J. Haagt^n Smit. head of California's 
Air Hrsoutirs Hoard and the man who first 
diM overed tin- automobile's n»lr in photochemical 
**mHg, Hbt*ii he observed: ' The problem is so far 
«»>er the hump that Trn l^eginniiig to lo>e iiiferesL" 

ASKING THE WRONG QUESTION 

I iial eonriu^ion p«iints up uliat is wrong with 
the wj\ nianv (>eopli' in ilif aiilomobile industry 
have iH'en dealing with the issuf (.ertainly the 
automobile companies have an obligation to 
ti V to meet government standards. Hut they also 



REOUCTON IN EXHAUST EMISSIONS 
(1970 CLEAN AIR ACT AMENDMENTS) 
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HYDRO CARBON NITROGEN 

CARBONS MONOXIO£ OXIDES 

Fig. 2 



WHY CONGRESS SET THE 1975-76 STANDARDS 

The ]^7() CAvan Air \< t was passed at a time 
when many ()eopb* leared that the country was 
already at the point of national asphyxiation, and 
the automobile was presumtul lo l>e the maj<ir 
source. This assumption was bas^^d largely on a 
report prepared within HKW, before the formation 
of EPA, suggesting the reforms needed to protect 
the public health and welfare*. 

This report presumed the worst possible com- 
bination of all conditions. It us*»d the lonesl levels 
at which emissions had any effe<J in laboratory 
studies, the fiighest rec orded atrnospb<Tic c<incen. 
trations« and the largest proj«rted increase in 
vehicle population. 

When Congress drafted the 1970 .Act. it relie<l 
on this HEW pajHT. and also made a numln^r of 
other assumptions of its own, Uefleeting attitudes 
then generally held, the C ongress assumed that 
the nation's air was getting steadily worse, and 
that the automobile was the primary eauM*. It 
assumed that automobile emi«^sions were the maj<ir 
source of (mllutanis that are harmful to health. 
It also assumed that the automobile industry, 
with its history of ttH'hnological progress, <ould 
easily reac h almo>t total emission reductions if it 
really wanted to. or had to. Alternative power 



7 



ERIC 



BEST CCPY AVSiBDlE 



ImV«- .III ol»|j<.Mtiuil U* r\|>rt:s> ihfU M|iunnll tUI 

I'. t \rt\oiir Ui\> cnnrtMitiatrd t(M» iiiurli 

nn thf <|iit*stioii of ihr>f MandaMi^ .ur tt» Im* 
Mifl, iiwIiMil oi rai>in^ \iw lar nmri' ri*lr\aiit 
quvslitur. u hy should tlu*y tu* nu*t 'f 

MEW SClENTIFtC INFORMATION 

l-Arr siiuf ihi- C.lfan \ir \rl uas pa>M*(l lhi*if 
ha\t» In'i'II ntiiri'i'tiMi rt(i»rt> in llu- M'irnijtir and 
ti*rhnnli»;:ir«il citrnrniiriitirs ti» ^atliiT tlir (acts 
rt>(]uirt*(l liir a rrasoprd, iiruriintioiiaL intitrtunj 
api>t(iai*h to iiirntifun*; ami H(»l\in«: th(* air 
c]ualjt\ |»i(»l»li*rn. liut iu>t(M(i ol Mvirij: a «;ri»uinn 
nutni)tT i»i ilrliato and diM'us'«ii»n> u\(*r tlu* 
validitN u\ ihr ^tandardN }m* arr ri.n>taiill\ 
lMlia;*tMi h\ luMdlinr^ Irllin;: ol soinr tial ni 
ima::inrd hriMkihrnij^h m laiinn* in >liu}»fil<' 
tn nii'ft thfni. 

It M-rni^ tliat all nt thi^ ti»tall\ lH*>idr tin* 
ptiint in \i' *4 ui thr ra« t> that lia\i* U^vw ^atlirn d 
aluMit .>>utnptiiin> that uiir Uin** niadf 

ikark in thr late ^)0v |» thr puldir and l»\ tlii»M* 
prt^^'in*; Inr i lraiMT .lii. Ihnsr lartr. all uum- tfir 
qiir^lioii ol hIin. 

Ilrif a inimiwr i»l tin- kr\ a^^iin)|*lj(»n> and 
the lartr* nt*H a\ailaldr uhirli n^liitr tlinn: 



CITY AtR IS GETTtNG CLEANER 

llii- hist a^snni|»iu»n wa'* iliat VnnTir.i'v ail 
(|iialit\ vva^ <:i'tiin(: «>li'add\ uoim*. 

Hh- 1.ii « i^. .H inidin;; \\% .i irrrnt **linK Un th»' 
< onn* j! on Im!\ inininniial HualitN. thru* has Iwrn 
a in.M'ktd iinpi n\rini*nl ni «hi i|n«dil\ in roin- 
iinin(tir«> ti| all 

Hii'sf inipniM'nH'iiU. n| iouim*. an* a n-^uli (»l 
thi \v«»rk tliat \u\^ Ih'i'ii doni- h\ othn indii'^tiitw 
iM « unlroniiij: i ini^^^inns lioin ^latii«nar\ si>iirn»*». 
and aUti llir rr|da< (MiH tii ii| nldt*i rai^ l»\ tlioM* 
('(|uip]H'd uilh i*lltM'ti\i' I nntnil dt*\ in s • i imlioU 
whii v\i«ii» Ii**i»j^ d» Vrlnf)rd hmp lM»fnri* rr,ilii<r> 
li^canii* J hr>«i«-i*hi»id word. 



AUTOMOTIVE ATMOSPHERIC IMPROVEMENTS 
IN UNITED STATES 




•«M 1M0 i«w ifto IM IMO 

Fig. 3 



\> Uu'sf iniprovntirnU rontinur, ihrif uili U» 
rontinuru iinprovcinrnt in air qualit>. <l'i^. *) 

NATURE OUT-POLLUTES MAN 

MTond as!suin|>tinn wa> that man -and 
••sjMTiallv his autonioliilo — was ihf prinu* M»urrr 
(»t i*iMissinn>. 

Th(* I'art is that natuiv itM*lt, and n<»t man. 
is the major sount* ol ihr tiiriM* basir atnuisphrrir 
«;ast*> c*inittc*d h\ thr aiitcminliilr. Perhaps the 
most surprising diseoverv in I • ;>ast \<*ar is the 
tart that natural sourees eoiistaiiov prndu' r alnnit 
IT) times as inan\ oxidrs ol nitrogen a^ man. 
cdioiit !0 times as nnieh «-arl»on inon<»xid<'. and 
six timi*s as maii\ hMlroearhons. i \"\\*^. \ ) 

EMISSIONS 




NATURE MAN NATURE MAN NATURE MAN 

NITROGEN OXIDES CARBON MONOXIDE HYDROCARBONS 

Fig. 4 
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NATURE CLEANS THE AIR 

\|niiti\iT, It ha> Ihm'ii liotrMihiMMi that naturr 
\H lint iiiil\ a M)Uii'<' tor tlit'M' suh>latirtN, hut it 
alx) lia> i ltrH'tivf ua>^ i>i ih>pnsing oi them. \> 
}U>t (itii* fxanii'^lf oi thrM* natural (ii>|>osal sys- 
tem*". iuti^u> in the M>il iii the I riilod Stales 
aliiiif ha**^ the laparitv t<» enn>ume more than 
limihli* the total earhon moimxiiie prmhieeti l)\ all 
the motor vt*hieli*s ami fartnrit^s in the world. 
i}ii> i*<^ not to !^av then* should In' no motor vehiele 
emi>^ioii roiitroU, hut it d(H*s help show that auto- 
mot iv<* t missions are not the prohlem many onee 
helieved. 

AUTOMOTtVE THREAT EXAGGERATED 

I'ht* third assumption was that the aiitomohile 
was a primary soiirre oi' emissions that are 
harmiiil to health. 

riie tat! is that while the automohile ma\ Ih* 
tht» Miurre of 10 |H-re#»frt ol this l ouiitry's man- 
maih* f*mi>sion> hv weight, uright is not a valid 
measurement ot harmhilne*.*«. \rtu;illy« eonern- 
tratioii and toxieitv are th«- miportant laetors. In 
faet, loiikinp aero>> the entir«* s|M*rtrum oi' air 
pollutants, it is nou estimated that motor vehieh^ 
aefotint io< onl\ ahout lO |M*rreni of the total 
pndileni <»t )»otentiallv harmlul emissions pr«idueed 
hv uhur ( I ^1 

EVALUATION OF TOTAL MAN-MAOE U.S. EMISSIONS 
BY ENVIRONMENTAL EFFECTS (TOXICITY) 
(1969) 

100% 



eMiSStON 
KCRCENTAGE 



10% 12% 



Fig.S 




OTHER 



EMISSIONS AT SAFE LEVELS 

It is eoinmtni know led^i* that prolttn^ed e\posute 
to t*\trf*mely high ItAels ot any pollutants-- nu hid- 
inp the automotive emissions— (mu have an adverse 
ei'ieet on health or U'havior. Iitivvever« th(* iaet 
is that in heavily populated urban areas, there is ..u 
eviilenee that even prohmged ex; are to av(*rage 
street level ecmeentrations of automotive emissions 
is a threat to health. 

For example, present studies show the i-aihon 
monoxide hlood levels of non-smokers in the 
crowded eities aeross the eountry are alreadv 
well Udow the two jn-reent level that the KI*A 
s<*t as a ^(Kil ioi p^omi health. (Fig. <t) I'liat is also, 
incidentally, well htdow the (!() hlo<Hi levrl of 
smokers who are in the live to 12 |NTeent range. 



AVERAGE CARBON MONOXIDE BLOOD LEVELS 



GROUPS 
SMOKERS 

NON-SMOKERS 



CO BLOOD LEVEL 
5%-- 12% 



Chicago 


1.88% 


New York 


1.43% 


Washington, D C. 


1.39% 


Denver 


1.90% 


San Francisco 


1.65% 


Seattle 


1.56% 



Fig. 6 



MOTOR VEHICLES 



(!ertatnlv uh(*n* euntrols are nn*de(l. eontmls 
>hnuh] Ih* impoM*<i. And eertainlv automohile emis- 
sions should 1m* rontrolh*<l to a ilegrt*e that the 
seit'Otilie evidenre shous is neressarv t<i proteet 
puhlie health and uelfare. Rut tti lH*yond the 
point of elJeetive control of automotive emissinns 
is to divert n*sourees that should be used to attack 
our many other environmental and sm^al problems. 
The nation has no shortage of problems to in* 
solved, but its resoure«*s are limited. We ought to 
iiS4^ those resourrt*s wisely, applying them onlv to 
si»ientlficallv <*stahlished needs. 
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STANDARDS HAVE LIMITED B£^45^!T 

Kciurlh — it was assumed that the l^)7.V7(> slaiul- 
ards HtTf iHH'osary to aohirvr a desiralih* air 
quality 

The facts indicali* ihvy are t\oU Thvrv Uf»re a 
nuniix*r ni' ina('(*urac*i«*s in thi* assumptions used tti 
establish the aulomotivi* emissio<i levels. Amird* 
ingly. KP \ i> currently revitnving the ealculalifms 
for the automotivi* standards. In addition. KPA 
ha^* 4il>ii ^.lid that thi* original ambient air quality 
standarti Inr oxides ui nitroiien may In* too restric- 
liv«» U'i'auM' of ern>r< in the* method us*»d to 
m<Msuri* atmospheric eoneentrations. As a result, 
the original standard for ambient oxides of nitro- 
gen is aUo untier n vit*H b\ KPA. 

A MORE REALISTIC APPROACH 

raiif«irnia. whirh is highly susceptible to air 
poiiutiun prohI<*ms« Iwlieves that the l*i7.v 7ft federal 
automotive emission standards are m<»n* n*stri<'tive 
than ne<'essary. (California has nvonimended 
1975-76 standards which are very stringent* but 
more realistic than th«- federal standards, and w hich 
are tiiugh »*»u»»!gh to meet the requirements of the 
slate ivith thi- worst automotive emission problem 
in the countrv. California is ask>ng for a vl jiercent 
reduction in iiviinu^arbons from uncontrolled levels, 
an H\ |>en i»Mt reduction in carbim mcmoxide. and a 
7r> pTri>nt ri'duc lion in oxides of nitr«»gen. (Fig. 7) 

ENVIRONMENTAL OVERKILL 

Kiitli' -it v^.is assumed that the average riti< 
/••n. ^im|>l\ b\ driving his car. contributes an 
uiordinatr ann»unt (»f ptdlution tri the air. 

FEDERAL AND CALIFORNIA STANDARDS 



PERCENT REDUCTION 
(from uncontr lied levels) 





HC 


CO 


NOx 


Federal 


97 


96 


93 


California 


94 


81 


75 



Fig. 7 



The f.icl is that each vi*hicli* with pres<*nt con* 
trnis contribuli*s f*\trt*mely small amounts, li ue 
apply the even nmre stringent l*>7(i .tutom(»tive 
st.indards to otlii*r activities o{ the .i\(*rage car 
«iwner. Vkv find that the vegetation in his bark 
\ard, just in thi* proci*ss «if growing and deraying, 
would give off as many hydrocarbons as his 
aiihimobile. 

If he burns one log in bis fireplace, lie*ll have 
used up his <lail\ allotment of carbon moii«i\idc. 
If Im*s Using «iil heat. heV limit«Hi to three gallons 
of oil each da\. which uill last about eight hours, 
(H he*ll o>rr the limit in o\id<»s of nitrogen. 
This is th<* degree of overkill repreM*ntt*d b\ the 
l'>7(> standanls. 

ANNUAL BENEFITS BY SOURCE 
(EPA PROJECTIONS— 1971) 
(MILLIONS) 
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' n^Hutf int. m.<- ir.rAii K ( PA » iiii (f^U <i« •H#f 1\ 4" <««.«*IH' 

Fig. 8 



COSTS 8 TIMES GREATER THAN BENEFITS 

Sixth — it was assumed that the Ix-nelits cd 
lli»*^* -itandanU uonld tnnre thiin juMii\ tht* < nsi. 

Mie ia«'l Is that two diffeit^nt nnient 
studies sIhiU r\a«il\ ihr (ip|Hi»ite. \ 1<^7J 

lepnit t(i ( «>nji:res> i*>tirnates that in l^>77. hIhui 
all eontroU i»n nuilnr M*bie|es are in eiirri. the 
.nitUial enst iii (lh»sr rontrnls Hill Im* ninr«* than 
s^l billiim. I lu* {MojiM ti d national annual bt*nf*lil 
til "rnatcMial .ui«l \t'*:('tati<tii" %%iji \h* U*>^ than >! 
billion. The KP \ r»*pori points out that healt}) 
bi»nefits u«»re exeludiMi irom the e>tiniat** "Um ausf 
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ol an .ilnu»M rnmplrlr lark ol data" t^siahli>hiiijt: 
iIh' liraltli rlhiN ol «ai|MiM inoiioxiili'. h\<lio. 
• .;ilM»ti>. athi Mxiiiiw ol nitro<»rn at anilufiit ir\rl>. 

nrr.i'-ionally a Mnall xali- iMilattnl >lu<lv tlcx^ 
.iplHMr to ^lioH an a«lvtrM» lirallh t^ffwt fnun 
.ilmorriiaiU Iji/xh (*on(rntration>. usually in rom- 
liiiiaUon with ^*imf nllnT hi-allli i»r fn\ ironinmlal 
lailni. M«fur\rr. tlirs** -^anif Ntu(iit*>. ulit'M 
n |M alril iinilt-r ran'tulU rtmlroIK onn(lition> 
rf|irr%«*niati\i* ol iht- rmrinal rit\ t*nvironment 
j:«-nrrall\ ha\«- iM»t Iutij \aliilattMl. T/tr ///// is 
llutt \rnrs at tr\t'nrrJt, niinhuii* nnllinns nf 
I** t>l*h' in Initttln tls t,f nuntnuiut\ sNulirs^ unJ ft* 

ilrtnr slnti^ttif:, thnat tn Iwallh Inwi iirntfrr 

attihiritl It ft Is /;/ aaftminftn' rtmssinas. 



ESTIMATED COST OF EMISSION CONTROL 

cost (PRICE; 
Pen CAR 




PERCENT AUTO EMISSION CONTROL 



WHY COSTS ARE SO HIGH 

llir i'tt^i nl ihr^r < ontroU roint»s ironi 

.1 ^luiK ii\ till- tMhif ol ^Mi-mi- and Ifrlinolofix . 
il i^' *>i \<<ordinj» lo tiii^ uporl. \\\v \^)7'i'7(t 
Inli i.il ^LuiilaniH louM r.iiM» llir prur of a lU'U 
«ar .1- rwiH li a"- vliMl. W rHhinalr \\\r i o>l ol thi' 
< alif(»(iiia -I.UhlanU at ahout ont- third ui \\u\\. 

Ilir ^Uul\ ittruinillr*^ ronrludf^d "llial tin- 
fiaiion »*tni«ark(<i on an air pollution program 
• »f ^noifuoU'- M'i}\H\ romplfxit), and cost. 



littit* m^aMJiv of thv rt^lativr harniiulness ol' iht* 
M»v<»ral pollutan?:; hrinp con>i<i*'mi." 

ENGINEERS CANT MEET THE STANDARDS 

And st*\vnth — the assumption Ka> that the 
industry could meet th#* standards and with rela- 
tively inexpensive ItH-hnology. 

The fact is that we have no technoloJ^y — expen^ 
sive or inexi)ensivt* — that will meet all the require- 
nients of the act. And as far as we know, no one 
—no manufacturer, no supplier, and n<» l»ackyard 
inventor — has yet devised a <:ontrol >\>tem that 
will meet the required emission leveU lor live years 
or 5(),(KK) miles in customer service. 

WASTE RESOURCES 

The fuel <-o>t (M'nalty of as much as :\0 ^H-vvvut 
ass<H-iated with currently propoM'd t*niission 
rontrol systems has to be included in an\ cost* 
U'nefit analysis. The additional cost to the 
nationV car owners could he as much as 
billiim a year, (Fig. 10 1 



ANNUAL COST OF FUEL ECONOMY PENALTIES 
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only rinis«^ion ronlrol svsirnis ihat \sv >tv 
with an\ hojH- of mffiing ihr I<)75 70 >lan(lards 
UM* i\ilalysl> which would require lead tVtv fuel. 
In 1975 aboul ten fierceni of ihe ear population 
would r(*quire ihi^ new fuel, and a ret-enl \\ hiU» 
House stu<lv estimales thai il rould eosi ihe 
f)erroleum industry almost S.i billion (ur the ne%v 
rehnerv Hjuipinent and the distribution system 
needed to gel it from the well to the ear. 

A ^oiui share of that eost will go toward the 
de\rlopiiii»nl of an enlirelv new Iransportaftiin 
^ystf»nK M»parate from the headed fuel system. 
Set>arate bulk storage tanks, tank ears and trueks. 
station pumps and storage tanks, and some sort 
of pioleetion syst(*m to prt»vent areidental use of 
the wrong fuel in the wrong ear. I hatV a liig and 
e\|ifnsivt' job. and wt» don't lielieve it*s neeessiiry. 

Beyond this the current trend in tlu* d(*V(*lopnient 
of propoMul catalysts invo|vf»> the use of evoli<- 
and very evfi^nsivr metals — platinum and palla- 
dium — nhich will add significantly tti the (ost of 
an automobile. Thi>e metals are sourced outside 
the I nited States^ and the cost of importing 
about half tht» world's annual ^upplv would have 
a negaliv. ;ff. rt on our countries balance td 
pa\menls. The inrreas#» in fuel consumption 
Hould also add sub^tantialU lo tht* nation s annual 
$•1 billion outlay for oil imports with a further 
negativr impact on our country's Iradt* position. 

Ihv^r art* t\\r major facts that wt» Udit^Vf* have 
to Im* made knoun. TbtTt* art* othtTs. 

\\f invitt» an\ont» uho is interested in all the 
ba^it* M'ientitic' studies un which our position is 
bascti to rxamint* our t^xtt^nsivt* bildiography or- 
au\ oltitT. ind to rt^id iht^t* re|»orts. 

NEEDLESS CONFRONTATION 

In lighl of lilt* fati- prt^st-nted here. wt» l)elit»vt» 
iht* ( iiunlr\ is headed for an i^cononiic and tt»t h- 
ntdtigical confrontatiiui which riobtxly neeils or 
Hani**, antl whit h will dt» nothing for tht» cause 
of cltMii air. 

n.eit' is no reason this ( unfrontation has 

to lake plact*. \\ r Hould like to suggest an alttT- 
nalivt\ 



RECOMMENOATiONS 

First, the Administrator t>f the KP.\ should 
<it*fer tht* 1^)75 standard as the law allows him to 

tlo. 

1 his tbvision neetis tti be made soon. Time is 
running out. W e must commit huge capital invest^ 
menis in nt*w totds and facilitit^, makt* long-term 
agreemt*nts with suppliers, and makt* bintling 
tleci.sions now if we are to nit*et our protluction 
schedule ftir l^^7.i. 'Iht* oil industry must also 
make commitnienis for the new refineries, 
separate fuel transport systems, autl sttirage 
tanks it will iitrd for the lead-free fut*l thai will 
be requirtnl by the fall of l<)7K 

>ect>mL iiongress shoultl susfN*nd lht» |M7.^-76 
standartls. and transfer to tbt* KTA iht* aulhoritv 
for establishing nt*w aulomtitive t*mission stand- 
artls bas(*d on nt*t*d. <Hist« autl ft*asibilitv. 

KP.\ alrt*a<ly has this authority bir t^missitms 
frtmi stationary sources, and should have it for 
mobile sourct*s as wt*ll. 

If tin* present stantlards are niainlainf*d. we 
tould tbt*n dt*volt* our full attention to an rco- 
nomical t*mission contrtd svslt*ni wbiih ( hiAsler 
Corporation tn^lieves in all likelihtiod couUi nietl 
the propost*d (.alifornia standard.^, on cars stild 
tit California, b\ tht* 1976 motiel yt*ar. \nd Ht* 
Ix^lieve we could meet them witbtMit cataUsls. 

CALIFORNIA STANDARDS 

If ntM'fssar\. we Udieve wc can meet those same 
California standards natitinwitit* b\ tbt* l*)77 inodt»l 
year. 

Not t>nl\ are these California stantlards lough 
t*nough tti [irotetl the state with tht* ir:o^l se\t»rc 
autttniotivt* air tpialiU pr(»blt*m in tht- nation, but 
they rtiuhl savt* the car l>u\er s<»veral hun<lrt*ds of 
dtdlars in original [lurcbast* cost antl in o|HTaling 
t osts. The huytT would not have to pav b>r rata- 
lytic systt*ms on his new car. He wo(dd not ha\e 
to buy t»\|M»nsive rt*}dacemt*nt (-ataKst<^. lb* v^mild 
not havt» to pay t»xtra for It^atl-frtr tui l. or sutft-r 
a si»vt»rt» miltMgt* b^ss. \nd hr Hnuiti still U* 
htdping t\iuM» of clean air, l)t**'anse In^ < i«r 
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woulil havr ron(ri>ls whirh an* even b<*yond the 
needs nt the nationV envirotmient, 

<)ur nation* in turn* would conserve its limited 
resources, proteii it> baianre of payments from 
further (*rosion, and serve the cause of clean air 
with responsibility. We urge your support in 
getting that job done. 



IN SI MMAKY,.. 

Kven it automotivr «iigineers could meet the 
P>75-7(> federal motor vehicle emission standards, 
<!hrysler (Corporation would oppose them because 
they are wasteful* unnecessary* and unrealistic. 
In place of these overly stringent standards* the 
company recommends the following actions to 
conserve the nationV limited resources while 
prote<*ting the environment and the public health 
and welfare. 

KPA should defer the 197S standard as pro- 
vided by law. This would avoid investing millions 
in the next few months tor control systems the 
country d<H*s not need. 

('ongress should then rarefully review its ori- 
ginal leginlalion* revoke the 197'>*76 standards, and 
transfer to W\ authority for setting any new 
mobile emission standards on the basts of current 
sc^ientitic information. 

(Chrysler t>elieves it may be possible to meet tin- 
197S (California standards nationwide by the 1977 
model year without expensive catalysts. The 
stringent (!alifornia standards which are adequate 
to protect the state with the most serious auto- 
motive air quality problem should be more than 
adequate for the ^-est of the nation. 
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POSITION STATEMENT BY 

CHRYSLER CORPORATION BEST COPY !?r'[n^. 

On The 

HEALTH EFFECTS OF 
AUTOMOTIVE EMISSIONS 



INTRODUCTION 

(:hr\>lrr r.i»r|M»ralion has propustMl a pi>siti\r 
alUrrMlivf r«» ihv 1973-7(1 feileral auloiutilivo 
<'irii->i<»ns >laiularil>. We lielirve the eviilento 
slnii\> llif ilh'inalive ii» l»f more lhaii ailequatr 
t«i |ir«»UMt the puhlir health. It han the a<Meil 
a<Karila-f «»f rerrmxinji the severe hurclen ou 
natural ami *m uimmir resourre> \\hi< h will result 
{lom the ^larnl.lr^^ as n«»v\ v\ritten. 

Ihrxslrr < ..rjM»»atl»»n helieves it is ii< the 
iiali«'irs Im'sI iriti-resi- for Con^re^s to reviev\ the 
|m; I 7<» -taiul.inU. .iml. if iieMs^arx. jrplace 
ihetii v\ilh starHlanK nii.rr strin'renl than the 
pnipose l l''7r>.76 i.alifnriiia slaiulards. In all 
likelihtH.il. tlir^e i an l»e uiri with exii^tifi}; tech- 
noh»«rv and without t»x|u'nsi\e device? a«i<leH nn 
Ui ihf en^iur. Mn>l imiiorlant, recent meilicai 
eviilenrt^ ^h.»v%^ that tlir reilutlions propose*! hy 
Calif^ania art- more than adequate io protect 
puhlii- hcaltli and v\elfare. 

The Ahtomotive Share of the 
All Qi. ^//U P/ob/em 

Aiiiudin:* !•» t»>tiniatrs inadt» in mot«ir 
vehielev a« «'Hiiit for niore than tO pert-erit ( hv 
uei;.dit» ot all man-made enii*<sions in the I nited 
SlaU-^ tot.fi- than atu *ith*i ^iirAt- >our<e. The 
HMi tnrllion • ar-* anti trurk.n on the road are«»unt 
for alioul I v%o thirds ihy ueif^hti *»f the coun- 
tj\^ man-made carbon n)on«)xi<le (CO), about 



one-third of the oxides of nitrogen (NOx». and 
over 4.> jHTcent of the hydrocarbons (H(^i. With 
the vehic le population expected to grow to about 
133 million within the next 15 years, <ars and 
trucks Could, unless controlled, he even m«ire 
signiticant sources of man-made emissions in the 
future. 

National Strategy 

Clearl). any national environmental strategy 
must start with control of the source of the 
greatest amount of emissions. Rut three otlui 
fa<'tors need to be c<msidered. 

First, it sh«iul(l he recognized that nature itself, 
and not man, is the major .source of the three 
hasi<' atmospheric' gases emitted by the auto 
niohiie. Nature produces 1.1 times more (t\ide> 
of nitrogen than man, 10 time> more C:«rli<.|| 
monoxide, and six times more hydrocarbons. 
Moreover, nature recycles its own emission*^. <lis 
po>ing of them through <ither natural proicsscs. 
AntI nature has the capa« itv lo re<\<|. i ven 
m*»r<'. Thfit U why automotiv<» cmi**si<ifiH. foi 
exam|iie. do not accinnulatr in th«* atniovph< rc. 

The>e data «in nalural soun-e*, placr the nati«»ti« 
uide emissions of man and his automobile in 
a iea<«inable perspective. They also explain why. 
in .some areas, natural souices produce levels of 
automotive-type emissions uhich can he iiearU 
eijual to the Hmi>sinns levels allowed under the 
ffwleral lau. 

SeconfL same man-made emissions are more 
harmful than other-* arwl should lie more <tri< tly 
controlled. \> tlu* ( 'ouncil on Kn\ ironnu^tit.il 
Ouality ome *iaid. 'il is soniev\hat inisleadinn 
to consider aii pt^lhitants in terms of iheir 
gicgate weight. We about pollutants i»e. 

<*aus«» of their effert^i." 0\ide< of nitrogen, sulfur 
oxides^ and parti( ulate matter are each < on- 
sidered more harmful than an equal amount of 
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<*arn<»n nionoxiiUv When the aiiloinoti\e rmis* 
sions art^ v.einhlecJ by their relative toxicity, ii is 
estimated that motor x^ehicles account for only 
10 to 12 percent of the country's potential air 
quality problem. While each emission should be 
held to a level that adequately safeguards the 
public, accurate data about relative harmfulness 
make it possible to determine which contami- 
nants need to be controlled more stringently 
than others. 

y*Ac third consideration is concentration. No 
one breathes the **average air'* in the l/nited 
Stales. About 7.1 percent of the population lives 
on onlv 1..' percent of the available land. -They 
breathe urban air < <intainin<^ concentrations of 
emissions from factories, automobiles, home fur- 
naces an'i fireplaces. 

Obviouslv the pcillution mix will vary from 
one location to another. F<»r example^ the indus- 
trial ntirth central and east coast areas of the 
c ountry rely heavily <»n c<)al and low prade fuel 
i>il. Kmissions of sulfur oxides and particulate 
matter fr<»m this coal an<l <)il will l>e far more 
important and st^rious a problem than in Cal- 
ifornia where there is less use <»f these fuels. On 
the west coast other sources i\i emissic)ns, includ- 
ing < ars. w ill make up most of the air c]uality 
problem. 

A national ?»iiategy needs to recognize that the 
air <piality problem varies in different parts of 
the country. Arcorclingly, enu8.sion control stand- 
ards, written as part of a coordinated national 
strategy, should be designed to piotect the public 
health an*l welfare in the part of the country 
that clearly has the wc»rst pcissible prciblem. and 
then extended as nee<led to the rest of the country. 

in th- case of nuitor vehicles, that means 
(!alibirnia. and the l.m Angeles Basin in par- 
ticular. While nmtor vehicles accciunt for 40 
percent of emissicins by weight in the nation, it 

has* been estimated they may contribute as much 
as peM*»nt b\ weight of all emis*^ion.s in the 
I. OH Aii<:eles llasin. While motor vehicles ac- 
count for cinly lO U> 12 percent of the potential 
national problem when emissions are measured 
by harmfulncss. it is estimated they represent far 
more of the UasinV total potential problem. 



Setting Calitomia Standards 

(ialifornia has, over the years, progressively 
tightened restri(*tions on the three primary auto- 
motive ennssions: carbon monoxide, oxides of 
nitrogen, and hydrocarbons. Faced with the m(»st 
severe automotive emissions problem in the na- 
tion, California officials have proposed both 
ambient and vehicle emission standards whi<'b 
are sufficient tu eliminate any threat to health 
Umbient air is the air we breathe as we move 
about).* And those standards push the available 
technology to the limits. California officials have 
held extensive hearings and actively sought the 
expert advice of the researchers in the field. The 
Air Resources Board, its staff, and its Te<*hnical 
Advisory Committee thoroughly censideretl the 
medical evidence and the costs and benefits of 
various control strategies before formulating 
standards. The proposed 1975-76 California 
vehicle emission standards call for reductions of 
94 percent in hydrocarbons (from uncontrolled 
levels I, 81 percent in carbon monoxide, and 75 
percent in oxides of nitrogen. 

SaWng Natiottal Stattdards 

The Congress followed a different approach in 
setting automotive emissions standards. Its ulti* 
mate aim was to establish a national envinin- 
mental strategy which would protect people 
everywhere from all the possible effects of all 
emis.sions. 

Accordingly, Congress .directed that HKW 
prepare a series of reports summarizing the 
medical, technical, and scientific evidence about 
the various air pollutants. 



•Dr. A. J. Haagen-Smit. Chairman of the Caiifornaa Air 
Kesources Board, wrote William D. Ruckel»hau<i on March 
11. 1971, **The Boai<i*s Technical Adviwiry Committee 
has reviewed the Federal Criteria reports and the pro- 
posed rfe(ieral amhient] standards. They found no new 
information that warrants the establishment of Mandanis 
mor<> strict than those adopted by California.'* .^inre that 
time Dr. Haagen-Smit and other Califdrnia officials have 
l>ecn critical of the federal standards. Dr. Haagrn Smit, 
for example, has said on different occasions that **It is 
cliffn lilt to follow the rea.fioninff for these standards . . 
"Anyone who has to deal with the practical a^^pccts of 
control has ciuestiom^d thr need for so many different air 
quality standards, motor vehicle emission standard:; and 
test procedures that exi«.t . . . Both the citizen and the 
Fautoinohile] industry are penalized for the entir. cost 
in iniplrnientinji the small differences without any real 
benefit to either one." 
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BEST CGPY fr^im^l 



These Criteria documents, as they are known« 
althou;!h limited in s^ope, were an important 
(kvA jitep in developing* a national strategy. They 
wt*re a rompressed *iurnmary of the thousands of 
dcM ument.H which could be UM*d to determine 
desired air quality. Once the desired air quality 
was determined* it would then be possible to 
calculate the degree of reduction in automotive 
emissions needed to reach that level. 

Dr. Delbert Rarth. then Director of the Bureau 
of Oiteria and Standards of the National Air 
Pollution Control Administration, explored one 
way in which these reductions could be calcu* 
lated. Since his purpose was to explore a control 
strategy* he made a number of assumptions 
whii li Vktit v;«lid and justified for his purpose. 

These assumptions included: 1) the summaries 
in the Criteria doi'uments pertaining to the con- 
centration and exposure time which cause or 
contribute to lor are likely to cause or con- 
tribute to) air pollution which endangers human 
health or welfare, 2) the largest projected in- 
crease in vehicle population, and 3) the highest 
re<:orded < om entrations of each of the auto* 
motive emissions. 

It was not particulaily necessary to justify 
these assumptions by scientifically verifying 
thcin. For the purpose of Dr. Barth^s exploratory 
pa{)er, the approach was appropriate. 

The ( Ountry*s sense of urgency about its en- 
vironmental priiblems seemed to f^ak about the 
time Dr. Rarth suggested this method of calcu- 
lating: emissirm reductions. Congress shared that 
urgency, and using Dr. Barth^s exploratory paper 
as supporting evidenc e for its a<'tions, passed the 
Clean Air Act of 1970. Since general air quality 
standards for the nation had not yet been estab- 
lished, the automotive standards written into the 
Act hc»re only a rough relationship to any na- 
tional air quality goal. The 1970 Clean Air Act 
requires that by 197.')« hydrocarbons must be cut 
V7 percent fnim uncontrolled levels, and carbon 
iiionoxide must be l ui 96 percent. By 1976, 
oxides of nitrogen must be reduced 93 percent. 
Sinre these standanis are more severe than 
(Milifuriiia's proposed standards, the federal 
'^laiidardN prexall. 

The Fundamental Question 

Many people believe the 197.5-76 federal stand- 
ards are automatically superior to the California 
standards bei ause they require a more stringent 
control of the automotive emissions. 
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However, there is no benefit in going beyond 
a degree of control justified by the scientific and 
medical evidence. (And that is not to say that a 
level of a sjiecific emission is *'good'* for people. ) 

Too great a degree of control can be counter- 
productive and wasteful of resources, particularly 
if its end result includes vast expenditures for 
expensive catalytic systems, conversion to more 
expensive fuel, and a loss of engine efficiency, 
as the federal law now does. 

In light of all this, a number of people have 
raised serious questions about the standards. 
They have asked that Congress examine all the 
new evidence now available which was not avail- 
able when the law was passed. And they have 
asked why the California standards, which are 
adequate to protect the state with the worst auto- 
motive emission problem in the country, are not 
more than adequate to protect the rest of the 
nation. 

These are legitimate questions for which 
scientific answers are now available. We urge all 
interested persons to study the primary docu- 
ments. (Some of the important references are 
listed at the end of this paper.) However, we 
offer here a small but representative selection of 
medical evidence which indicates that the degree 
of control required by the proposed California 
standards is strict enough to protect the health 
of not only the average person living in a 
crowded city, but even those persons who might 
be unusually susceptible to the effects of auto- 
motive emi.ssions. 

The Carbon Monoxide Standard 

The summary of the Criteria document for 
carbon monoxide states that a carbon monoxide 
blood level (carboxy hemoglobin level) of 2..i 
percent *^has been associated with impairment 
of time-interval discrimination.'* As a result. 
EPA said in establishing the national air quality 
standard (setting maximum allowable atmos- 
pheric concentrations for emissions regardless of 
source) that the intent of the federal ambient 
CO standard is to prevent carboxy hemoglobin 
levels from rising above two percent. 

The conclusion in the Criteria document is 
based on a study by Rodney Beard and George 
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Werlheim of Slanfi)rd University. The two scien- 
tists (ill) not measure the carhcm tncmoxide bluod 
Ir\el-lht*> estimated it. Dr Kii hard Stewart and 
Dr. Peter Mikulka have since attempt«»d to dupli- 
• ate thfsf test results, and have not been able to 
do HO. 

The exi>eriments of Schulte. Stewart, Hanks, 
Mikulka, and oihers likewise indicate no signifi. 
cant effect on a person's acticms until the car- 
box yhemoglobin level reaches about five percent. 

Kven lu'rantinp that it 13 necessary to prevent 
oarboxyhenio^lobin levels from rising above two 
percent, the important question is what are the 
present levels of carbon monoxide in the blood 
of people who live and work in cities where 
8 hour avera^'e atmospheric concentrations of 
carbon monoxide may be 20*30 ppm, and where 
|jeak concentrations may be even higher. Scien- 
tists have learned from laboratory experiments 
that expi»sure to 30 ppm for 8 hours will raise 

AVERAGE CARBON MONOXIDE BLOOD LEVELS 



GROUPS 

SMOKERS 

NON SMOKERS 

Chicago 

New York 

Washington. O C 

Denver 

San Francisco 

Los Angeles 



CO BLOOD LEVEL 
5% - 11 5% 



2 04% 
1.42% 
1 41% 
2,09% 
1 70% 
1.67% 
200% 



Figure 1. 

A study liy Dr. Richard Sirwart of peoplo in cn»wded 
downtown areas ^hows that in all hut two rities the aver 
agr carl»oKyheniogIfdnn level i> already at or t)eJow two 
perient-ihe level EPA vet for ^ooA heahh. Dr. Stewart 
jfound that even non*Htiioker.4 who went above ihe average 
were siiij well he*li»w the five pendent level at which there 
iM a <«ipufieant effect. Mon-vmokers were alM) well below 
Uie car|joxvhei!io*ili»l>in level of ^niokerH. 



the carboxyhemofilcibin level to more than 4 per* 

< r*nL It should follow that averape rarlmxyhemo- 
;.*IoImii leveU of penple in .some rilies should be 
in a ran^^i- of four t(» live percent. But they are 
not. In t\u* time >inre the Clean Air Act was 
passrd. Dr. Kirharii Slew art has been surveying 

< arbo\\lu*nio^'bd)in levels of about 3(MKM) per- 
sons in ron^rsled duuntoun areas of major cities 
actons the < ountr\. His results so far indicate that 



in aU but two cities, the average carboxyheino^ 
;i:lobin level of non*sin(»kers in crowded rities is 
already at or below two percent. (The exceptions 
were Chicago at 2.04 jien ent and Denver at 2.(W 
|>ercent. ) In other uords the actual carboxyheino- 
globin levels are less than half those nt^rmally 
expected. (Figure l.i 

There are two reasons for this finding which 
has upset conventional thinking about the effects 
of atmospheric carbon monoxide. First, atmos- 
pheric measurements are accurate only for the 
specific location where the recording equipment 
is placed. Studies show readings can vary by as 
much as 100 percent from one side of the street 
to the other. Second, as Dr. W. H. Forbes of 
Harvard and others have pointed out, people 
who go about their normal routines are not ex- 
posed to a constant amount of carbon monoxide. 
The exposure changes as they move from place 
to place. Or. Stewart's study shows that because 
of the limitations of the recordings and the fact 
that people do not breathe the same concent ra- 
tion for extended periods, atmospheric readings 
(whether average or peak concentrations) cannot 
be accurately translated into carbon monoxide 
blood levels. 

It is important to remember that the values 
reported by Dr. Stewart were obtained when 
only a fracti<in of motor vehicles had today's 



ESTIMATED CO LEVELS IN BUSY OOMNTOWN AREAS 
(SHOMrA««r«iM) 
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Figure Z 

Carbon monoxidr levels in crowded cities have been dc- 
creasing steadily over the years. It is estimated that in 
1927 the ftidewaik concentration in some cities wah more 
than 60 parts per niiJlion. As a result of improvements in 
engine efficiency, the level dropped to about 30 parts per 
million by Sim-f that time, there has lie^^n a further 
reduction in atmospheric CO us a result of emission coji. 
trol systems. By the time ail cars meet the 1973 standards, 
these levels should fall to less than 10 parts per million. 
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emission cimtrol systems. The proposed California 
standard, which calls for an ab^iolute pt^rcent 
redurtion in CO, therefore provides a very large 
additional safety fa<*tor. 

Several scientists have also trieil to determine 
actual effects of atmospheric CO. A study in Los 
Aniseles by Alfred Ilexter and John Goldsmith 
showed a statistical relationship between atmos* 
pheric carbon monoxide levels and hospital ad* 
missions and deaths from heart attacks. How- 
ever, a similar but very detailed study by Johns 
Hopkins I niversity has not been able to establish 
this same relationship, or show an effect of atmos- 
pheric* carbon monoxide on mortality. 

Present concentrations are already a fraction 
of the atmospheric levels of the 1930s and l^)40s. 
And while some people fear the downward trend 



ESTIMATED CARBON MONOXIDE BLOOD LEVELS 
(CARBOXVHEMOQLOBIN LEVELS) 
IN BUSV DOWNTOWN AREAS 




Figure 3. 

Arronlinff ta information developed in laboratory studies, 
fhf nvfrntif* larljoxyhemoglobin level of people in rities 
riiH^ t)>(> ri>untr> should he at least 4 percent. Actual 
inraMjntnint- by Dr. Rirhanl Stewart of people in 
iTow(U*<i iluwntown areas •ihow the average level of the 
un*ai majority of non-4moker'* i»» already under two |»et- 
relit tfie level KPA '^et for K<)od health. If all cars meet 
thr V)7A standards, the average tarhon monoxide blood 
Irvcl would he alH>ut one percent. If all cars met the 1975 
fi.ilifornin standard, it in etitimated that atmospheric 
U) would have practically no effect at all. CO in bloo^^ 
would come primarily from natural sources in the body. 

may be reversed as the vehicle population in- 
creases, the fart is that all new cars will be 
e({ui()ped \s \ih controls that reduce CO emissions 
at least 7() percent from uncontrolled levels. As 
a result, the atmospheric CO levels in cities will 
continue to decrease steadily, and the already 
low carboxyhemoglobin levels will also continue 
to de< rease. ^ Figures 2 and 3. ) 



As a result of facts such as these, Dr. A. J. 
Haagen-Smit, head of California^ Air Resources 
Board, has said, "Even if wc accept the federal 
air quality standard (9 ppm maximum eight 
hour concentration of carbon monoxide) as 
being the correct value, the motor vehicle emis- 
•ion standard goes beyond that needed to achieve 
the air quality goal/* 



The Oxides of Nitrogen Stanttara 

The original ambient air quality standard for 
NOx was based largely on a study in the sub* 
urbs of Chattanooga, which was the only one 
then available. That study concluded that school 
children living in a high oxides of nitrogen area 
( defined as being in the range of 0.063 to 0.083 
ppm) had a slightly impaired breathing ability 
compared with other children, and were more 
likely to suffer respiratory illness. Because EPA 
itself has serious questions about this study, it 
is currently being repeated. 

At a conference on the health effects of air 
pollution sponsored by the American Medical 
Association in October 1972, papers pretiented 
by several researchers including William Nelson 
and George Comstock, indicated that NOx levels 
normally found in the atmosphere did ni^t have 
adverse health effects. Research by Irving Taber- 
rAxiiw and the work of the Hazleton Laboratories* 
and William Husey ilso support these conclusions. 

In originally promulgating the ambient oxides 
of nitrogen standard of 0.05 ppm, the Adminis- 
trator of the Environmental Protection Agency, 
William Uurkelshau^, said, "Ni> adverse effec ts 
on public health or welfare have been associated 
with short*term exposure to nitrogen dioxide at 
levels which have been observed to occur m the 
ambient air/' There has been no new evidence 
to contradict this view. 

The ambient air quality standard itself is 
under question. The measurement methods EPA 
used may have overestimated ambient air con* 
centratlons, and therefore overstated the degree 
of control neede<l to protect public health* {Two 
methods have been used by the government to 
measure atmospheric levels of NOx— with one 
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producing values as l<»w a^ one*third the i>ther. ) 
However, even accepting a,s valiil thos** extreme 
values EPA originally used, the e\idciur shov\> 
that the 75 penent reduction prupu>ed by (!al- 
i{«»rnia in more than adequate to protect public 
health/ 

Photochewieal Oxidaf$ts 

A major reason for rtmtrullinj» both oxiden t>f 
nitni^en and nun-methane hydrocarbons (which 
are not considered harmful at pres^-nt levels) is 
that the\ rcai t in sunli^iht to form photochemical 
o\idaniH. Wir federal standard ret^uires a *J7 per- 
• ♦'hi redm liun in hydrocarbon pmi>j»ion> io pre- 
\*'t\\ format ii»n of oxidants. The federal ambient 
ail qualitv -laridard is 0.(>K ppn^ oxidants for a 
ouixirnutn our lioar ronct*nlratinn. 

OtliciaU in California, which has the worst 
oxi«lafit problem in the ci»untry. have called the 
frdnal ?^tandard Unreasonable and beyond any 
nr»Ml established by medical evidence. John 
Ma- a* rxpntuve t»fiicer of the California Air 
Rt>t»un cs Hoard explained. "The standard is so 
near baikjzround It-vels (levels c»f emissions pro- 
dutrd by nature! that only small amounts of 
hydrtM arbons and oxidants of nitrogen will pro. 
du(*r enoujih i»2one to po over the standard.** 

The original standard was based in part on a 
Htiiily whirh >hi»Hed that pcrforr^^^nre of hiph 
Mhiioi aiiii#*U-s Ha> adversely affected by oxidant 
levels, litiwever. the data show no significant 
<le< rease in athletic performance when the con- 
rentialion wetil below 0.2 ppm. Other studies 
inditate there should be no eye irritation before 
the ( ttncentration reaches 0.1 ppm. Yet the stand* 
art! remain'^ at 0.n8 ppin. 

♦H.-«-archir- from EPA* DuPont. and xht Motor Vehicle 
Mani.fa. tur-r- As«)Ciatnin have used Dr. Barth*« method 
of rairulaiinR the amount of reduction in automotive 
#.|iu-iunH rH'i «---ary to nwvx the ambi^-nt oxides ui nitro. 
grn air i\xiAuXs ^undanl. The estimaie> an^ 82 percent, 
pi ni ni, nn,i M pem-nl. In view of the apparent indi- 
ratmn that thr amtiient >lanaard wdl be modified ab a re- 
Milt ui niun* ai rurat*- data on atmo^phemr concentrations* 
a T.'i p*T<itit re<lurtMin in emi's^ionn should provide a 
ini>re than adequate -afety factor. 
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The scientitic i-onsensus is that uxidant> are 
not a threat to health at present ambient 
levels. Major epidemiological studies by Phillip 
Ruell and E. Cuyler Hammond established tio 
relationship between ambient oxidant ieveU and 
community health. Studies in Los Anj^eles of 
sickness amonj^ s(ho<d children, of mortality 
rates in the community, and of the incidence of 
can- r, support these findings, ('.alifornia ofTicials 
have pointed out that the oxidant problem in 
Los .^npeles County is being diminished. The 
number of days when residents of Los Angeles 
County experienced eye irritation have been re- 
duced nearly 50 percent since 1956. Days when 
o/one concentration equalled or exceeded 0.10 
ppm for a or.c^hour average have been reduced 
about one-third in that time. Accordingly, Cal- 
ifornia otticiala believe their prop(i>ed retluc- 
ti(ms of 94. percent in hydrocarbon emissions and 
75 j)ercent in oxides of nitrogen emissi(ms are 
sufficiently stringent to assure continuing im- 
provements in air quality and safeguard:^ for 
public health. 

The Scientific Consensus 

In its report to Congress in March 1^K2, \ V\ 
reported on the costs and benefits of the Clean 
Air Act. After reviewing the extant evidence, 
EPA indicated there was not enough evidence 
to estimate any health damage from the atmos- 
pheric levels of carbon monoxide, hydrocarbons, 
oxide** of nitrogen, or photochemical oxidants. 
That report was based in turn on a study by Barrett 
and WaddelK who stated in their report* "Ltitil 
better evidence is forthcoming, it is assume<l that 
the health costs of air pollution stem from par- 
ticulates and sulfur oxides.'* < These emissi(»ns 
come from sources other than the automobile.) 

As a result, KPA estimates that in 1977 when 
all automotive controls will be in effe<:t, the an- 
nual cost of those controls will exceed 38 billion: 
the annual benehts will be less than SI billion. 

Even using Dr. BarthV method, which led to 
the original numl>ers in the Clean Air Art, a 
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Htr<«n^ raj»e can be made in support of a diilerent 
3et of number.^ which are more in line with 
pre«Arnt information. ^everaI researrhers have 
usni Harth's own tt^thnique to recalculate the 
reductions. And usinp his technique, which in 
valid* but inakin;: aKsumptions about present 
air quality and vehicle population which are 
more realistic, scientifically verifiable, and more 
representative of actual conditions than those 
Dr. Rarth used* these researchers have con- 
cluded that smaller reductions than required by 
the Clean Air Act would be more than adequate 
to protect the public health. 

Recommendations 

In view of all the new evidence that has been 
developed about the health effects of automotive 
emissions^ the more accurate information about 
atmospheric levels of various gases, and the 
degree of reduction actually needed to protect 
health, Chrysler Corporation believes the require- 
ments of the 1970 Clean Air Act should be 
suspended and the law revised. 

This proposal is all the more urgent in light 
of the additicmal new body of evidence detailing 
the extreme cost penalty of the federal standards, 
their drain on our natural resources, and their 
eiTtM't on the nation's trade position. 

The high cost of the federal standards and the 
lack of incriminating evidence about automotive 
emissions should not, of course, be taken as an 
excuse for relaxing pollution control efforts. The 
quest i(m« therefore, is not one of control versus 
no control. It is what degree of reduction is 
ncicssary to safeguard the pubPc health and 
uelfare. and also to provide additional assur* 
anre that persons who might be particularly 
sUM Ppiible to air contaminants will not be en- 
dangered by conrentr ttions of automotive emis- 
sion<5. 

In this connection, the case for the California 
standards has been well stated. The scientific 
evidence shows these standards will eliminate 
the remaining problems automotive emissions 
arc creating today. These standards can accom* 
plish the same objective in other parts of the 
country where the automotive problems are less 
serious. And they will lead to cleaner air at far 
les<* economic^ and social cost than the federal 
standard* as now written. 
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Fa cts OR 

Safety, Highways and 
Emissions 



CHRYSLER 

MOTORS CORPORATION 



1 . Maximum carbon monoxide levels 
measured in ambient air in heavy traffic 
situations, such as a traffic poHceman 
directing traffic in downtown Manhattan 
in an H-hour period, have less effect on a 
human being than does the smoking of two 
cigarettes in one hour. 

2. Total man-made pollution, especially 
the kmd of pollutants coming from 
automobiles, is small compared to the 
amount of those same pollutants given off 
by natural sources, i.e. vegetation, ocean 
organisms* etc. Currently, it has been 
estimated that natural sources of 
hydrocarbon going into the air give off 
over fifteen times as much as do total 
man-made sources. In the case of carbon 
monoxide, recent researchers estimate that 
twenty-five times as much carbon 
monoxide goes mto the air from natural 
sources as it does from man-made sources. 
As for oxides of nitrogen, over fifteen 
times as much is given off by natural 
sources as man-made sources and over one 
hundred times as much ammoitia goes into 
the air from natural sources, which results 
in subsequent formatio:* of oxides of 
nitrogen. 



3. According to government figures, 
transportation sources, principally tlie 
automobile, account for 42% of total 
man-made air pollution on h weight basis. 
On the other hand, on a toxicity basis, 
transportation sources account for 

5% 1 2'7c of total air pollution. This is 
because some pollutants, notably sulfur 
dioxide and particulates, are much more 
harmful than others on a weight basis, and 
the automobile is a very small contributor 
of these harmful pollutants. 

4. The 1^70 Clean Air Act Amendments 
(the Muskie Bill ) actually requires 
reductions in unburned hydrocarbons of 
979? compared to those from uncorrected 
cars. The carbon monoxide reduction 
required is 967o and the oxides of 
nitrogen reduction is 93%. Controlling 
pollutants gets increasingly expensive as 
the amount of reduction approaches 100%, 
so that the last 5% of control usually 
costs ten to tv/enty t;n:es as must as the 
first 20%. This is what we mean when we 
say that the required amount of control for 
automobile pollutants has gone far past 
the point of diminishing returns with the 
1970 Clean Air Act Amendments. 

5. Measured maximum concentrations of 
carbon monoxide in busy traffic situations, 
such as the Chicago Loop and downtown 
Manhattan, are less than a third of the 
concentrations measured in the s.inie 
locations back in the early 1930*s. 

b. Air pollution from automobiles is 
decreasing at an increasing rale as new cars 
replace old cars and will continue to 
decrease until 1980, even if car pollution is 
never reduced beyond the amount required 
by the 1973 Federal Standards. 
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The degree of control rciiuired by 
unburncd livdrocarbons for 1975 is such 
that j! thoNC Icvcb arc icachcd niuic 
utiburued hydrocarbons will be ^ivcti off 
into the air during the filling of llie gas tank 
than will be given off through the car 
exhaust while that same gasoline is being 
burned in the engine. 

Wc dua't know !iow to meet the 1^75 
Standaids yet over the five-year or 50,000 
mile period. Nor do we know yet how to 
meet the 1976 Standards with individuaK 
specially-adjusted laboratory cars. But the 
extra cost to the customer for the devices 
that we anticipate having to put on these 
cars in hope of meeting these standards will 
run from S300 to $500, excluding what we 
might have to charge for maintenance and 
warranty. 

V. Questions concerning the ;idvisability of 
our current vehicle emissions policy were 
raised by the RHCAI Committee report 
prepared fi)r the Office of Science and 
Technology. The report stated, *'It appears, 
therefore, that the natiu^i is embarked on 
an air-pollution-control program of 
enormous scope, complexity, and cost, 
with little measure of the relative 
harmfulness to health of the several 
pollutants being considered/' 

1 0 More uaburned hydrocarbons are 
given off from the grass and bushes in a 
normal 100' x 100' backyard than would 
be given off by an automobile aieeting 
the '975 Standards running average mileage 
during a comparable period of time. 

t 1 The RECAI report concluded, *The 
imposition by statute of arbitrary time 
deadlines may not only impose 
unnecessary short-term costs on the pp'^lic. 
but It may also postpone or foreclose 
research mto ahernalive means of 
providing mure efficient long-term 
solutions to the public. The 1975-1976 
motor vehicle emission requirements of the 
Clean Air Act may have just such an 
unfortunate effect/' 



i The RECAT report stau-s that the 
average retail price of an iutomobilc by 
197h resulting from compliance with 
already planned regulitior> for safety 
dai.iage-limiting desig.i an;! •miission 
controls is expected to increase by about 
$873. They estimate S350 of that amount 
would be for emissions and S523 for 
safety. 

LV In comparing the costs versus 
benefits of the 1976 emission controls, the 
RECAT Committee estimated that the 
net excess costs over benefits for the 
ten-year period. 1976-1985, would be 
anywhere from S49 billion to $76 billion 
to the car buyer, with the difference being 
due primarily to problems assessing the 
dollar benef ^- t*:um such controls. 



14. AU the air pollution man has produced 
doesn't equal the amount of particulates 
and gases from just three major volcanic 
eruptions (Krakatoa, Mt. Katmai« and 
Hekla), 

1 5. The United States has the lowest 
fatality rate per 100 million miles of 
any country in ihe world, and the 
fatality rate continues to decrease. The 
fatality rate in West Germany is about 
twice as great and in Japan it's over three 
times as great as in the United States. 
The next best accident rate of any country 
is in Sweden, where it is still about 35% 
higher than the United States. 

16. The 1974 bumper standards require 
that front and rear bumpers for all cars 
meet each other (be similar in heightj. 
They further require that the bumper 
systems be able to take 5 mph pendulum 
impacts at any point along the bumper 
face. These bumpers will be over three times 
as strong as the bumpers wc used to have 

in the "pood old days*\ 

17. Accident statistics show that heavier 
cars are much safer than lighter cars. If a car 
is involved in an accident, the chances of a 
serious or fatal injury are 2-1/2 times as 
great if the car is a sub-compact car 
weighing less than 2,000 pounds as they 

are if the car is a full-size domestic car. The 
heavier the car, the less change of a serious 
or fatal injury. 
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If we exclude fatalities to pedestrians, 
niutorcyclists, and bicyclists, the number 
ot U.S. t'atulitiOs due to automobiles is 
reduced trt>m 55,000 to less than 35.000. 

* ^ Australia recently enacted mandatory 
use ot lap and shoulder belts laws (tlrst for 
the State of Victoria and now for all 
Australia). The latest reports from New 
South Wales (Sydney) indicate that serious 
injurics.aiid fatalities have been reduced by 
about 24% since enactment of the 
mandatory belt usage law and less than 
SO^.'c o! tlic cars on their roads have belts 
mstalle * Thus, the outlook is that serious 
injuries and tatalities may be reduced by 
489? when tlic entire car population is 
equipped with belts. 

50' ? of llic accidents which result in 
serious injuries or fatalities in the United 
Stales involve drivers who are legally 
intoxicated. Stiff penalties (including jail 
sentences) tor driving while intoxicated in 
Sweden have resulted in a substantial 
decrease of serious injuries and tatalities. 

I In l^Ol , when 2b million horses 
traveled some 12 billion miles, some 3,850 
people were killed in accidents involving 
horse-drawn vehicles. 1 hen we had a death 
rate ot^over 30 per 100 million miles 
traveled. Our latest figures for the 
automobile show a death rate of 4.7 per 
100 million miles traveled. 



The following quotes from a speech by 
Francis Turner. Federal Highway 
Administrator, on May 3K 1972. 



Completely ban the automobile from 
the city, they say, or the city is dead. The 
fact IS, if we ban the automobile from all of 
downtown, then downtown is going to be 
dead. We should, of course, experiment as 
we arc doing with auto-free pedestrian 
malii^ oi /.uiieji, accessible to close-by 
transportation, either by auto or mass 
transit. People and automobiles are 
synonymous, and people and life, 
economic or social, are synonymous. 
Without people, downtown would quickly 
lose Its reason for being. 
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J. They say highways and the automobiles 
have caused **urban sprawl." The /orr is 
that the automobile didn*t cause people to 
move from the center city to low-density, 
single family residential developments in 
the suburbs~it enabled them to. And in so 
doing, it permits us to enjoy that life-style 
which the vast majority of Americans 
today prefer. 

24. They say that we must stop building 
new freeways in our urban areas. The fact is 
that we must continue to provide our 
urban areas with the modern highway 
systems that are their very 

lifelines- because for the vast majority of 
American cities, due to economic, 
geographic and population reasons, 
highways will continue for as far as we can 
see into the future to serve as the principal 
or sole means of transportation, including 
bus mass transit, which is the major part of 
all mass transit. 

25. They say our cities are continuously 
enmeshed in hopeless traffic jams. The /oc/ 
is that, generally speaking, except for the 
morning and afternoon rush hour, there is 
no real problem -people can travel quite 
freely in their cars in all directions 
throughout the entire metropolitan areas. 
The problem is to reduce the rush hour 
congestion , . . Overall, our highway 
system works at only about 25 percent of 
its theoretical capacity. During many hours 
of the day and night, it has large amounts 
of capacity not being used. We need to 
recognize this fact and build a solution on 
it. 

26. They say, too, that we are paving over 
our cities. The fact is that as much area was 
used in cities for horses and wagons and 
buggies in pre-automobile days as is being 
used today. Right here in Washington, 
D.C„ for example, a higher percentage of 
the city was devoted to streets when 
L'Enfant planned it almost two centuries 
ago than is used for streets today. 
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J" They say that highway Ciui^truction 
adversely affects land values. The fact is 
that owners of property adjacent to 
improved highways almost always benefit 
in terms of land value gains; and improved 
highways freeways in particular - exert a 
very favorable influence on urban and 
suburban property values in general. 

2S. They say that highway construction 
results in ratables being removed from the 
tax rolls. The fad is that long-range 
effects of highway construction on tax 
rolls is generally very favorable. Highwr^y 
improvements almost always result in the 
development of vacant and other 
unproductive land. Thus, the loss of some 
property from the tax rolls is offset by 
increased assessments on property which 
benefits from highway improvement or 
construction, and thus there is in the 
big majority of cases a net gain rather 
than a loss. 

They say new freeways bring more air 
pollution to a city. The fact is just the 
opposite. Freeways tend to reduce 
stop<and*go driving, and this, in turn, 
greatly reduces the emission of air 
pollutants and the production of 
undesirable noise. 

Mi, They say that automobiles have no 
redeeming social values. The fact is that the 
automobile has vastly expanded the 
horizons and the freedom of the working 
man. and has opened up to him wide new 
recreational vistas. 
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Remarks hy Mr CM. Hcinvn, Executive 
tnginar-Matcrials Engineering, Chn sier 
Corporation, before thcSwietyoJ 
IfuJiistriai Realtors of the National 
AnKociution of Real Estate Bimrds, at the 
Deuiiville Hotel. Miami Beach. Florida, on 
Saturday. Xoi ember I J. 1^71. 



'*The Air Is Getting Cleaner" 
(Too Bad I t*s Still a Secret) 

Cleaner air, cleaner water and a cleaner earth 
have become top national 
goals and rightfully so, it is essential that 
each of us make a contribution, big or little, 
tomaintam ox improve the quality of life on 
our earth. We owe this lo ourselves, of 
course, but what is even more important, we 
Dwe It to future generations. 

My own stake in future generations is quite a 
large one. I have seven daughters and their 
welfare is the m<)st important factor in my 
hfe 

Today , 1 am here ti> discuss automotive 
emissions and how they tit into the overall 
air polhnu)n problem. It is a pleasure and a 
privilege to have been invited by you to do 

What 1 will present may surprise you. It is, 
however, the most up-to-date information 
on air pollution as we know it. Much of it 
comes from government sources. Most of 
ihe mtornuiion lias been divcussed before 
various government bodies. They have read 
and studied the facts vou a/e about to hear. 
No one haschalkf --dispuicd them. 



The facts are in serious disagreement with 
much that you may have been led to 
believe by some government oftlcials, by 
highly vocal activist groups, and by other 
supposedly authoritative sources. 

Private industry . and particularly the auto 
companies, have been accused of a 
credibility gap. We have felt the force of this 
public disbelief. Out statements too often 
are ignored or discounted. 

The finger is almost always pointed at the 
automobile as the biggest, the most 
dangerous polluter. We are accused of doing 
nothing to reduce vehicle emissions. We have 
been told that the industry has dragged its 
feet on the problem Then, we have been 
pictured as the Detroit monsters who don 't 
care about air pollution and what it does to 
human beings. 

Wors^r yet. the doomsday prophecies have 
been believed -by our children and 
grandchildren, by our senior citizens, our 
neighbors, our teachers, and other members 
of our national community. Instead of being 
responsibly educated, our citizens have been 
needlessly frightened. We have enough 
normal worries in our daily lives without 
unnecessarily adding the air we breathe to 
the anxiety list. 

Misinformation is the foundation of 
crippling programs that are premature, 
unrealistic, unnecessary and costly but 
politically and popularly very convenient. 
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Kiaiiiu* measures li) livei coiuu)! 
atiluim)iivoenussiiinscaiuu)t t)cjustilied 
Junuij most 1)1 ilus decade. Ih. irulhoUhe 
mailer is thai in niaiiy areas Dt'polluiion 
ctMiiroL we are making pnyd progress and 
specifically thai auioinoCiveeinissiDiisare 
bemg.and Wi!! Ci)nimue \o be, drastically 
retliitedwitlioul the iiecessitv ti)i crisis 
aciuuis. 

Lci usUH)kal the tacts. 

Foi example, llie public isalnu>si 
completely unaware that they have been 
buy mg and driving cars with anii-polluiion 
equipment since the l%3 mi)dels. The latest 
model year cars incorporate more etYeciive 
systems h)r greater reductions of pollutants. 

Ani»lhei tact is that starrhi^with rhc 197U 
maudy thi uiitn industry hc}ian to build 
lu\VH'tni\\i<tu i\ 7/ /< Ics, 

( HART I: Automotive Atmospheric 
improvements in the United States 

1. Auto emissions climbed iv) then peak 
m the aitnospherc about l%Hand 
have been going downhill since then. 

2 l missu)ns will continue to gi) down 
each year, even thimgh car populatiim 
Will rise and vehicle miles driven will 
f!<> up. 1 hat means that the air is 
already cleaner today than last year or 
the year befiue. It will be cleaner year 
bv year through the 1^70\andthe 
IWs. 

.V By theearly I980*s, we will have air 
quality tVom an automotive 
standpoint nearly comparable to the 
I ^>40's. Normally, it takes between 10 
to I 5 years to replace the older, 
higtiei -emission curs in the vehicle 
population. Putting it anothci way. it' 
theie were no oilier vehicles on the 
nud lodav .except the 1071 models,* 
we would, overnight, breathe the same 
clean air we had in the 40's as far as the 
automobile contribution is 
concerned. 

tven if we achieved the impossible by 
inventing and building /ero*emission 
vehicles today, it still would take up to 
I ,^ years xo replace the car population . 

•The 1973 models are further improved 
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A^ier emissions hit the low pomi m 
ihc air somewhere in the 00\, they 
will start going up gradually as more 
cars keep being added to the 
population assuming. i)f ci)urse, no 
further reductions in auto emissions 
bcvoiid that already piogramined 
through 1974. 

Viewing this aulomi>livc aii quality chart. 
It's hard in tact, impossible to see any 
auloniolive air pollulion crises or a 
desperate need tor immediate, radical, 
costly government actii)n to clean up the 
automobile. 

Needless to say, we are rather proud of our 
product and environmental achievements to 
date and of the technical projects we have in 
mind for the future. What particularly 
pleases us is that the engineering of 
low-emission levels, current and future, is 
being done at the mi)st reasonable cost to 
the customer by using engine modification 
and other reasonably priced approaches, 

Tliere have been efforts to discredit this 
chart. One misconception that has been 
greatly publicized is that our emission 
control devices don't hold up in customer 
use and thus fail to meet government 
standards. These reports are wrong. 

The effective performance of emission 
systems m use was contlrmed by tests of ine 
Environmental Protection Agency on rental 
cars and other Held cars, by exhaust tests run 
in California on cars selected at random, by 
Chrysler exhaust tests of vehicles coming off 
its assembly lines, and by similar tests un 
Chrysler customer cars after usage. 

It IS true, however, that we do expect about 
a 10 to 15 percent loss of effectiveness m our 
emission devices after many nnlesof use. 
Anticipating this, we design our systems to 
handle this loss after use, and still meei the 
emission standards on averages. 

On the other hand, there is no getting 
around the mechanical and electrical tacts of 
life, that every vehicle needs periodic 
maintenance to insure high standards of 
emission control pert'ormance. One dead 
spark plug can increase pollutant emissions 
by 10 to I, S times. One spark plug misfiring 
may double the output of hydrocarbons. A 
carburetor set for too rich an air-fuel 
mixture can increase carbon monoxide by 
50 percent or more. 

Every motorist can contribute to cleaner air 
by keeping his car in good service condition. 
26 
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Automotive Atmospheric 
Improvements In United States* 
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U.SA Air Pollution -All Sources 
1968 Estimate By Weight 
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Evaluation Of U.&. Air Pollution 
By Environmental Effects* 



Air Pollution 
Percentage 



'Raiative weight to give sam« 
harmful effect. 
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CH ART 4: Vehicle Model Year Average 
Reduction of Carbon Monoxide in the 
United States 

On the modolN. about 70 percent ot* 
ilio carbon monoxide has been eliminated 
i J iMn vehicle exhaustN. Chrysler engineers 
hchcve thai witli normal further 
development of the engine modification 
system , car bt)n monoxide can be cut up to 
76 percent by 1975 



CHART 5 . Vehicle Model Year Average 
Reduction of Hydrocarbons in the United 
States 

Hydmcaihuushave been decreased about S3 
pcrceiii on the 1*^71 model, and could 
ilown bv HHpoiceulby 107S, with engine 
moditicat ions alone. 



CHART 6: Vehicle Model Year Average 
Reduction of Oxides of Nitrogen in the 
United States 

We tiK)k the first bile at reducing oxides of 
nitrogen with the 1^>71 California vehicles. 
These emi>sions, ot'ten ret'erred to asNOX 
went down 33 percent in 1971. and will go 
down 50 percent m 1^73. and 58 percent 
in 1975, according to out estimated 
projections. 

Incidentally . the reason for governmental 
reluctance until recently to control NOX 
cimssions was the uncertainty among 
involved scientists of \\s precise role in 
lorming smog. There has to be a proper mix, 
or ratio, between hydrocarbons and NOX 
Ivforc a Los Angeles type of photochemical 
reaction occurs. One theory has it that if 
hvdroearbons were redueed and NOX levels 
were untouched, the ratio would change and 
smog could not take place. 

This same theory holds that if total 
vjuantities of both emissions were reduced, 
the ratio between the two could remain 
about the same with the result that smog 
would not disappear and could perhaps 
mcrease. The disagreement still persists, but 
the decision to control NOX was finally 
taken and we in the industry were told to go 
aliead lo start reducing it. Incidentally,! 
agree with the decision. 
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Chart No. 4 
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Vehicle Model Year Average Reduction 
Of Carbon Monoxide In The United States^ 
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CHART? All Sources- U5.A. 
Atmosphere. Comparison of Variuuj^ 
Vehicle Improvement Levels. Carbon 
Monoxide. 

As you can see, these specified Federal levels 
in each chart are the lowest line shown. What 
has been labeled "Chrysler** is the lowest 
value attainable with engine modificatiuns. 
In order to get proper perspective, the 
contribution of the other sources at the 
present level is shown. 

Our current levels of carbon monoxide are 
slightly lower than those in Great Britain. 
Their doctors have decided that no lowering 
is required. This is understandable since our 
average level is such that after eight hours in 
downtown bumper-to-bumper traffic, the 
mcrease in blood content of CO is about the 
same as after smoking two cigarettes in one 
hour. 

The Cleaner Air Act calls for standards so 
low that if they were achieved and there 
were no other source than the automobile, 
there would be less CO in the city than that 
which occurs naturally in the farmland 
country or the middle of the ocean. 

CHART K: AU Sources- U.S.A. 
Atmosphere. Comparison of Various 
Vehicle Improvement Levels • 
Hydrocarbons 

The present hydrocarbon standards are 
already very low and will result in levels 
which were generally agreed to be adequate 
tluough 1990; that was before the current 

crisis race for lower standards was started. 
Hydrocarbons, at atmospheric 
concentrations, have no known negative 
reactions but are tiie most important 
ingredient in the photochemical reaction 
known as Los Angeles smog. 

The Cleaner Air Act asks that the 
hydrocarbon emissions from a vehicle in 
daily use would be about the same as the 
hydrocarbon fumes that are given off by an 
average homeowner 'syard with a normal 
planting of grass, flowers or vegetables. 

The fumes lost during the filling of a gallon 
of gas at a service station will be twice as 
much as is allowed during its use of the 
gasoline in driving the car. 



CHART9: AUSouIt^e$*U,S.A. 
Atmosphere. Comparison of Various 
Vehicle Improvement Levek. Oxides of 
Nitrogen. 

Oxides of nitrogen, the other ingredient of 
the photochemical reaction, show an 
interesting control picture. At atmospheric 
levels it is difficult to show any health 
effects, and measurements much below 
these levels are generally agreed to be 
inaccurate. 

Considering that the automobile is not the 
major contributor of this pollutant, the 
1973 levels specified by EPA very properly 
suggest a holding action until more is 
known. 

The Chrysler value shown is our judgment of 
what could be achieved without major cost 
or performance penalty. The Cleaner Air 
Act will produce both. 

Oxidants or Smog Compounds 

One group of pollutants for which the 
automobile is largely responsible has never 
been measured in tons. These are 
oxidants-the chemical elements of smog. 
Oxidants or smog are created by a 
photochemical reaction between 
hydrocarbons and oxides of nitrogen. 
Fortunately, studies have not shown any 
major, long-term health effect. But just the 
short*range effects of real Los Angeles onog 
ihould convince anybody that this 
miserable, depressing, eye-irritating 
pollution mess has got to go. In my mind, it 
was, is. and will continue to be, the number 
one goal of our automotive emission 
program. Unfortunately, even today, we 
don't know quantitatively what will be 
required to reduce oxidants to acceptable 
levels. 



32 



Chart No. 7 All Sources- U.S.A. Atmosphere Comparison Of 

Various Vehicle Improvement Levels* 
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i3a«.*d on assumption that pollutants from non-automotive sources remain constant. 



DISCUSS FROM THREE ECONOMIC 
CHARTS 
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Tlic noxulun> sliow ilicccoaoiniccllects 
of aCLonipli>lnng iho various pollution levels 
proposed . 1 n each case , costs at e tor 
modification of the internal c\)mbustion 
engine as we know it today. 

There are only two approaches which seem 
to have any possibility of being brought into 
production by 1 475. These are tlie manifold 
reactor and various catalyst systems, either 
singly or in combination. 

You will have noted that I liave not 
mentioned alternate power sources as 
posMbilities for 1975, such as electric cars, 
turbine, steam and others. Altliough we have 
Worked energetically on all of them, major 
breakthroughs have to occur before they can 
become candidates for personal 
transportation on a ma^^s production basis. 
Because of the technical obstacles in the 
development of alternate engines, we had no 
other choice except to further clean up the 
piston engine vehicle. 

Three main points emerge: 

1 Increasing oxides of nitrogen control 
has a strong effect on both fuel 
economy and cost of control 
equipment. This is primarily because 
all known usable oxides of nitrogen 
controls result in engine inefficiency 
and greater amounts of other 
pollutants to be handled in the 
exhaust. 

2. Costs rise very dramatically tor the 
last few degrees of control, so cost 
effectiveness decreases. 

3. The magnitude of the costs is such as 
to make the proper determination of 
the emission level a major economic 
decision. 

The point of all this is that vast sums of 
money may have to be spent to make 
relatively slight reductions m emissions. 
Clean air projections indicate there doesn't 
appear to be any justifiable hurry to obtain 
the clean an targets in th<; time frame that is 
prop^ ^d. 



lt» therefore, seems reasonable and 
appropriate ti* alli>w nu^re time for the 
automotive and nonauiiMnotivo iiidusiiies 
to research and develop advanced 
experimental devices to a high state of 
reliability, durability and hopefully at much 
lower costs. I believe that by 1*)80, we will 
have learned a lot more about emissions 
technology in order to x^dluc lower 
emission objectives througl) io the year 
2000 and beyond. 

Let me make it clear that Chrysler, the auto 
industry, and the government all agree on 
the goals of engineering low pollution 
vehicles. We also share the same ideals 
toward a better environment. The question 
of whether we control pollution is not the 
issue. Every decent human being would 
answer in the atTirmative. 

The question is not whether the auto 
industry is willing to produce 
emission*reduction devices if they are 
technically possible. We are a commercial 
enterprise. That's our business to engineer, 
build and sell transportation equipment. 
Whatever automotive parts we install on 
vehicles are bought and paid for by 
consumers. 

The question really is to what extent, how 
fast, and how much money we as consumers 
and taxpayers have to spend to control each 
pollutant source. If we in this country had 
enough resources, we would agree to control 
all sources at the same time. Since we don't^ 
are we then over*committing the nation 
money to automobiles and not enough to 
other sources of air pollution? Could some 
of the money allocated to air pollution be 
diverted to solving the critical water 
pollution problem? How about solids' waste 
disposal and research? 

Under no circumstances should there be a 
misunderstanding regarding the concern we 
all share concerning the health effects of 
environmental pollution. We urgently need 
more medical research on this subject. The 
automobile industry is sponsoring this and 
other kinds of research to explore the 
unknowns. 
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Chart No. 10 



Emission Control Vs Customer Cost 
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Estimated Costs 1975-1990 

And Resulting 1990 Automotive Emissions 
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CONCEPTS: PACKET 6 



1. 



II. 



III. 



IV. 



V. 



Collecting and comparing air samples at certain sites with 
air quality standards will determine if air pollutants are 
below acceptable legal levels. 

Technological modification of the present internal combustion 
engine could reduce the effect of the auto as a source of 
pollution. 

An alternative to the present internal combustion engine will 
reduce auto emissions. 

The subsLltution of mass transit for automobiles is a 
possible solution to the red'xction of air pollution. 

Technological advances, including electrostatic filters 
used in industrial air purification systems are being 
developed. 



Concepts 
I 



II 



III 



IV 



BEHAVIORAL OBJECTIVES 

After touring the St. Louis City or County 
air testing site(s) the student will write 
a paragraph describing the manner by which 
air quality is measured. 

After completing the assigned activities, 
the student will state in writing 200 words 
or less, the relationship of the emission 
levels in the St. Louis area to the air 
quality standards which have been established. 

» 

After completing the assigned readings the 
student will list three technological 
modifications of the internal combustion 
engine that might reduce auto emissions. 

After completing the assigned readings, the 
student will participate verbally at least 
three separate times in a group discussion 
on the alternatives to the present internal 
combustion engine. Following this the student 
will list three alternatives to the present 
internal combustion engine. 

Given the various models for mass transit, 
the student will participate verbally at 
least three separate times in a group dis- 
cussion on the benifits and problems of mass 
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transit systems as a possible solution to 
reducing air pollution. Then the student will 
select from a list the major benefits of mass 
transit systems as they relate to reducing 
air pollution. 

6. After completing the assigned activities, the 
student will match the various technological 
advances in industrial air purification 
systems with the method by which each system 
operates . 



At this time administer the pre-test. 
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PRK-POST TEST 
PACKllT 6 



Behavioral 
Ob joct Lvo 
Number 



1. In the space provided below explain the manner 
in which air quality is measured in the St. Louis 
area. 



2. 2. In 200 words or less, state the relationship 

between the emission levels in the St. Louis 
area and the air quality standards which have 
been established. 
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List three technological modifications of the 
internal combustion engine that might reduce 
auto emissions. 



A. 
B. 
C. 



List three alternatives to the present internal 
engine. 

A. 

B. 

C. 



Select from the list below the benefits of mass 
transit systems as relates to reducing air 
pollution. Circle the correct choice(s) . 



A. Mass transit systems will permit more people 
to live in metropolitian areas. 

B. Mass transit systems should reduce the use 
of the automobile. 

C. Mass transit systems will bring more tax 
money to the cities they serve. 

D. Mass transit systems will eliminate the 
automobile as a means of transporation. 
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Match the naroo of the industrial air purification 
system with the method by which each system 
operates . 



A. Electrostatic precipitators 

B. Scrubbers 

C. High smoke stacks 

D. Cyclones 



1. takes the emission to higher elevations 
and disperses it over a wider area but 
does not purify the emission 

2. eliminates particulates by passing them 
between charged plates 

3. washes particulates out of the emission 

4. through centrifugal action, larger 
particles are forced to the outside 
and collect at the bottom in a large 
bag. 
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PRE-POST TEST ANSWKR KEY 
PACKET 6 



In the space provided below explain the manner 
in which air quality is measured in the St. Louis 
area. 

There are two basic ways which ambient air is 

measured. St. Louis County has remote telemety 
stations and hi-volume samplers » which make use 
of filters and settling traps to capture particula tes 
and other pollutants. 



In 200 words or less, state the relationship 
between the emission levels in the St. Louis 
area and the air quality standards which have 
been established. 

It is very doubtful that any student will answer 
the question when taking the pre-test. The data, 
which the students will gather during the packet 
will provide the answer to this question. The 
reason for this tentative answer is because the 
relationship asked for in the question is a 
variable depending upon the date this unit is 
studyed. 
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3. List three technological modification of the 
internal combustion engine that might reduce 
auto emissions. 



A. 


blow-bv devices 


D. different carburetors 


B. 


catnlyst 


E. after burners 


C. 


PCV Valves 


F. crankcase scavenqer 



G. devices to prevent the gas evaporation 



4. List three alternatives to the present internal 
engine. 

A. electric cars 



B. turbine engine 



C. wankel engine 

D. stratified charge engine and others could possibly 
be mentioned. 



5. Select from the list below the benefits of mass 
transit systems as relates to reducing air 
pollution. Circle the correct choice (s ) . 

A. Mass transit systems will permit more people 
to live in metropolitian areas. 

©Mass transit systems should reduce the use 
of the automobile. 

C. Mass transit systems will bring more tax 
money to the cities they serve. 

D. Mass transit systems will eliminate the 
automobile as a means of transporation. 
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Match the name of the industrial air purification 
system with the method by which each system 
operates . 

A. Electrostatic precipitators 

« 

B. Scrubbers 

C. High smoke stacks 

0 

0. Cyclonos 



C 1. takes the emission to higher elevations 
and disperses it over a wider area but 
does not purify the emission 

A 2. eliminates particulates by passing then 
between charged plates 

B 3. washes particulates out of the emission 

D 4. through centrifugal action, larger 
particles are forced to the outside 
and collect at the bottom in a large 
bag. 
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BACKGROUND INFORMATION 
PACKET 6 



Science is developing or has developed some devices that 
can help keep the air we breathe clean. However^ the first step 
in solving the problem is measuring the various pollutants in the 
<*mbiont air. Both St. Louis City and St. Louis County have 
monitoring stations. The two main types of monitoring stations 
are romote telemetry stations and stations without telemetry. 
The telemetry stations are able to measure pollution levels 
cit an appreciable distance while the stations without telemetry 
measure only local pollutants. 

Air pollutants are measured two ways. Most of the time, 
filters are used, A second method employs settling to trap 
particles. Open containers or glass slides coated with a sticky 
material are placed in strategic locations for varying time 
intervals. 

The map on page 69, enables the instructor to locate the 
monitoring stations. Both St. Louis City and St. Louis County 
provido tours to these monitoring stations. An explanation 
of how to go about obtaining the tours and services provided by 
the Air Pollution Control Boards can be found in the teacher 
instructions for this packet. 

Mass transit systems are not new in their concept. The 
old street car lines were form of mass transit systems. Some 
students visualize mass transit systems as being some ultra- 
modern, super fast monorail. A good bus system should also be 
included in a discussion of mass transit systems. 

The San Francisco Bey Area Rapid Transit (BART) is the 
mass transit system used by many as the model system for the 
future. Recently however, BART has developed mechanical 
problems. Run by computers, breakdowns have occurred. During the 
summer of 1973, the system was shut down by a labor strike. 
Rapid mass transit might be one possible cure for reducing air 
pollution, but like most systems of transportation, it is not 
without faults. 

The automobile industry has two possible directions it can 
follow in reducing air pollution. The present internal combustion 
engine can be modified with various devices or a completely new 
engine can be developed. This new power system can be another 
internal combustion engine, such as the wankel or turbine, or 
some alternative to the internal combnsion engine, such as the 
electric car. One possibility for the future, is an electric car 
for local driving and a car with some type of internal combustion 
engine for longer distance driving. 
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Unlike the automobile manufacturers, stationary industrial 
polluters have been developing satisfactory divices to reduce 
air pollution. Briefly, some of the devices are as follows: 

1. Scrubbers - These devices use water to eliminate 
pollutants from air emissions. The problem with 
scrubbers, is that pollutants are taken out of the air 
and put then into the water. 

2. Electrostatic Precipitators - The emission is passed 
through electrically charged plates. These plates 
collect the pollutants. Then occasionally, the plates 
are vibrated to cause the collected particles to fall 
into collection bags at the bottom of the precipitators. 

3. Cyclones - Through centrifugal action larger particles 
are forced to the outside of the device and fall into 
collection sacks at the bottom. 

4. High Stacks - This is not a pollution control device. 
However, high stacks take the emission to a higher 
elevation and disperse it over a wider area. The 
reason why high stacks are included in this section 
is because sometimes industry places high stacks in 
the category of emission control devices. 

There are other devices and some of the above mentioned 
devices are given different names. However, the first three 
items listed above, are some of the more commonly used devices. 
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K 12th « Clark 

2. Broadway & Hurck 

3. Shreve & Route 70 

4. Lin Ferry A Lindbergh 

5. 55 Hunter Avenue 

6. Box 305 - Weidman Rd. 

7. 10267 St. Charles Rock Rd. 

8. SW of Routes 67 & 270 
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VII. Old Jamestown & Sinks Road 
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AIR QUALITY STANDARDS 
St. Louis County 



P r ina ry 



Secondary 



SO- 



Partic- 
ulate 



CO 



HC 



.03 ppm - annual arith- 
metic mean 

.14rppm maximum 24 - 
hour average 
not to be exceeded more 
than once per year. 



NO 



75 ug/n,^ - annual 
geometric mean 
260 ug/m^ - maximum 
24-hour concentration 
not to be exceeded 
more than once per 
year . 

9 ppm - maximum 8- 
hour concentration not 
to be exceeded more than 
once per year. 
35 ppm - maximum 1- 
hour concentration not 
to be exceeded more than 
once per year. 



•24 ppm - maximum 3- same 
hour concentration (6 to 
9 a.m.) not to be exceeded 
more than once per year. 

.05 ppm - annual arith-- same 
metic mean. 



.02 ppm - annual arith- 
metic mean 

.10 ppm - maximum 24 - 

hour average 

not to be exceeded more 

than once per year. 

.50 ppm - maximum 3-hour 

concentration not to be 

exceeded more than once per year< 

60 ug/m*^ - annual 

geometric mean 

150 ug/m^ - maximum 

24--hour concentration 

not to be exceeded 

more than once per 

year. 

same 



OX 



.08 ppm - maximum 1- 
hour concentration not 
to be exceeded more than 
once per year. 



same 
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INSTRUCTIONAL SEQUENCE 
PACKET 6 



Behavior al 
Objective 

Numhor Concept T Required Activity: 



l6t2 A. The St. Louis Air pollution Control 

Laboratories offers a 60 minute tour for a 
maximum group of 15 students. Contact William 
L. Hager, Engineer, 453 3334. It is 
advisable to make reservations for this 
tour at least four weeks in advance. 

Mr. Jim Clark of the St. Louis County Air 
Pollution Control Commission, telephone 
726 1000, will meet student groups at 
monitoring station (s) on the first Wednesday 
of each month. 



Available for the asking, are Air Quality Data 
Summary statistics. Both St. Louis City and 
County have these statistics in printed 
handouts. Ask both Bill Hagar and/or Jim Ciark to 
bring some with them when the students take 
the field trips. 

The discussion (Activity A 3) is to be done 
after returning from the field trip. 

Concepts II, III, IV, V Required Activities: 

3-6 A. Activity two is a reading assignment. However, 

the instructor should note that the readings 
provided in packet six are only superficial 
in their coverage of the various concepts and 
behavioral objectives. This is a good point 
in time to encourage or require additional 
reading. A plethora of data is available on 
these topics. Time and space limitations 
prevented more data from being included in the 
packet readings. Scientific Ameriran and Environ- 
ment magazines are two excellent sources of 
information. 



Concepts II and III Required Activitie.s: 

. 3-4 A. The discussion in acLivity three might not 

require the typical 55 minute class period. 
Do not try to make this discussion longer 
than is necessary. The length of the 
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discussion will vary from group to group. If 
students are progressing at their own pace it 
might be necotisary to hold two or more small 
group discussions. 

Concept IV Required Activities: 

A. The instructor has the option of combining 
discussions in activity three and four. 

Concept V Required Activities: 

A. The video-tape used in this activity is 
available through the Administration Building, 
Mr. Verlin Abbott, Parkway School District. 

It will be necessary to reserve the tape in 
advance. The instructor should have the Data 
Sheet 2 (page five in the student packet) 
available for the students. 

B. This is an optional activity. The science 
department of most high schools should have 
the equipment necessary to perform this 
experiment. 
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CONCEPTS: PACKET 6 



I. Collecting and comparing air samples at certain sites with 
air quality standards will determine if air pollutants are 
below acceptable. 

II. Tochnological modification of the present internal combustion 
engine could reduce the effect of the auto as a source of 
pollution. 

III. An alternative to the present internal combustion engine will 
reduce auto emissions. 

IV. The substitution of mass transit for automobiles is a 
possible solution to the reduction of air pollution. 

V. Tochnological advances, including electrostatic filters 
used in industrial air purification systems are being 
developed. 

Concepts BEIWIORAL OBJECTIVES 

I 1. After touring the St. Louis City or County 

air testing site(s) the student will write 
a paragraph describing the manner by which 
air quality is measured. 

I 2. After completing the assigned activities, 

the student will state in writing 200 words 
or less, the relationship of the emission 
levels in the St. Louis area to the air 
quality standards which have been established. 

II 3. After completing the assigned readings the 

student will list three technological 
modifications of the internal combustion 
engine that might reduce auto emissions. 

III 4. After completing the assigned readings, the 

student will participate verbally at least 
three separate times in a group discussion 
on the alternatives to the present internal 
combustion engine. Following this student 
will list three alternatives to the present 
internal combustion engine. 

IV 5. Given the various models for mass transit, 

the student will participate verbally at 
least three separate times in a group dis- 
cussion on the benifits and problems of mass 

At this time take the pre-test. 
Obtain a copy from your teacher. 
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Behavioral 

Objective 

Number 



1 

2 



concepts I Required Activities: 

A. Your instructor has arranged a field trip. 
Approxiamately one-half the class will tour 
the City of St. Louis Air Pollution Control 
Laboratories. The -remaining group will tour 
the sampling site(s) for the St. Louis County 
Air Pollution Control Agency. Listed below 
are some activities which relate to the field 
trip(s) . 

1. On the map used in Packet 4, Data Sheet 4, 
plot the location of the test sampling 
sites for the metropolitian St. • Louis area. 

NOTE; It will be necessary to share 
information. The group that toured the 
county site should swap information with 
those students who toured the city laboratories 

2. Complete the Data Sheet 1 supplied by your 
teacher . 

3. Participate in a small group discussion on 
the relationship of the air sampling sites 
with respect to the location of air pollution^ 
sources. Discuss also, the relationship 
between the emission levels in the St. Louis 
area and the air quality standards. 

Concepts II, III, IV and V Required Activities: 

A. After each reading is the behaviorial objective 
to which the reading applies. 



1. 



2. 



3. 



"Combustion to Install Devices, Cut Pollution 
by Gas Vehicles, " from the Chattanooga Time, 
February 13, 1972 (3. O. #3) 

"Clean Car Device Makers Oppose Delay on 
"75 Rules" from the Washington Post, April 
11, 1972. (B. O. #3) 

"Anti-pollution Engines Irksome, But Pure Air 
Worth Effort, " from the Buffalo Evening News, 
February 8, 1972 (B. 0. #3 and #4) . 



4. 



"Auto, Factory Anti-pollution Devices Suc- 
cessful," from the Chantanooga Times, June 
1972 (B.O. #3 and #6) . 



18. 
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5. "Antipollution and the Electric Car," by 
Bruce C. Netschert from Protecting Our 
Environment, (B. O. #4) . 

6. "Inventor Calls Device Air Pollution Answer," 
fron the (Newark) Evening News, July 12, 1972. 
(B. O. #4) 

7. "Big X for the Bay" from Time, September 18, 
1972 (B. O. #5) 

8. "Transportation. . .Sctratching the Surface" 
from Man; The Next Thirty Years, by Henry 
Still (B. O. #5) 

9. "Kansas invention Scrubs Air Blue" from the 

Wichita (Kan.) Eagle, February 7, 1972. 
(B. C. #5) 

10. "NSP Find the Market Profitable For Its 
Generating Plants' Coal Waste," from the 
Minneapolis Tribune, July 6, 1972 (B. O. #6) 

Concepts II and ill Required Activities: 

A. Participate in a groug discussion on the 

alternatives to the internal combustion engine 
on the various technological modifications of the 
internal combustion engine. Make sure that you 
have read the readings that apply to behavioral 
objectives three and four. 

Concept IV Required Activities: 

A. Participate in a group discussion on mass transit 
systems. Bring with you to the discussion, 
information on mass transit systems that you 
have gathered on your own research. 

Concept V Required Activities: 

A. At this time a video-tape is available for 
viewing. The speaker is Morton Mull ins from 
Monsanto 's Environmental Protection Group. 

In the last half of the video-tape, Mr. Mull ins 
discusses industrial air purification systems. 
Before viewing the video-tape, obtain Data 
Sheet 2 from you instructor. 

B. (Optional) Making an electrostatic precipitator 
instructions for the construction of this devise 
are given on pages 232-234 of Environmental 
Pollution. 
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DATA SHEET 1 



Field trip to St. * Lou is County and/or St. Louis City Air Pol- 
lution Control Agency. 



1. Either in the space provided below or on a separate sheet 
of paper describe the various types of test that are used 
in monitoring ambiant air. 



2. Describe the manner by which ambiant air is measure in th^ 
St. Louis air. 
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Video- t<ipe presentation by Mr. Morton Mull ins representing 
Monsanto Chemical. 

During the last half of the video-tape, Mr. Mullins discusses 
methods by which industrial emissions are purified by various 
control devices. In the space below, name the device and then 
describe briefly how it operates. 



BEST CCPV r'""/"*I 



B. 0. #3 ENVIRONMENT AIR POLLUTION 



COMBUSTION TO INSTALL DEVICES, CUT POLLUTION BY GAS VEHICLES 

Combustion Engineering Inc., in its continuing effort to 
eliminate all types of air pollution at the Chattanooga works, 
is in the process of installing pollution masters on all of the 
company's gasoline-operated equipment. 

The Chattanooga works of Combustion has been a pioneer in 
the field of eliminating air pollution, having demolised its 
stacks in 1968 after the plant switched to a cleaner fuel and 
completely eliminated this part of air pollution. 

A pollution master is composed of two units, and when 
installed will exceed existing standards for automotive emission 
control . 

The system when completed, will be the first of its kind in 
Chattanooga and will be on a total of 65 pieces of equipment, 
including trucks, side loaders, fork lifts and gas welding 
machines. 

Figures from U. S. Department of Health, Education and 
Welfare show, more than half of the pollution in the United ' 
States comes from motor vehicles in the form of carbon monoxide 
and Combustion is now in the process of eliminating his health 
menace! 

A pollution master's two units are crankcase savenger and 
exhaust scavenger. 

Purpose of the crankcase scavenger is to trap any varnish, 
sludge or solids and separate them from the mixture of blow-by 
gases and air being drawn from the crankcase, before this laixture 
goes into the engine. The exhaust scavenger becomes an integral 
working part of the engine and automatically supplies air to the 
vehicles' cylinders to trap the exhaust gases left from the 
preceding power stroke, mixing them with oxygen and greatly 
improving the mixture in the engine for the next power stroke. 

The addition of pollution master systems permits the cleaner 
burning of fuel, greater utilization of fuel, more power, econ- 
omy and operation efficiency. 

The installation of the system will be complete within the 
next two months. 



Chattanooga (Tenn. ) Times, February 13, 1972 
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ENVIRONMENT AIR POLLUTION 



CLKAN-CAR DEVICE MAKERS OPPOSE DELAY ON '75 RULES 

By Victor Cohn Washington Post Staff Writter 

TWO leading makers of controls to clean up car exhaust 
yesterday urged the government to deny car makers a year's delay 
in meeting tough 1975 auto— emission rules set by Congress. 

"It is our firm belief" that efforts to meet the standards 
will succeed "provided the development programs now in high gear 
throughout industry are not permitted to slacken, " said Robert 
S. LeventHal, senior vice president of Engelhard Industries, 
Murray Hill, N. J. 

If auto makers win a delay of the standards are significantly 
reduced, "we and others will have little incentive to continue 
those efforts," he told an Environmental Protection Agency panel. 

The panel is considering five auto makers' requests for the 
delay, and hearing from most major U.S. and foreign manufacturers 
and suppliers. 

Engelhard is in final stages of negotiating an agreement of 
supply Ford Motor Co. with catalytie converiers - devices to turn 
hydrocarbons and carbon monoxide into harmless carbon dioxied 
and water vapor - for its 1975, 1976 and 1977 models. 

In interviews, both Laventhal and Joseph H. Povey of Ma they 
Bishop, Inc. (U.S. slubsidiary of Britain's Johnson Ma they ) , said 
they think the auto industry can meet the 1970 Clean Air Act's 
requirement that hydrocarbon and carbon monoxide emissions be 
reduced by 90 per cent by the 1975 model year. 

"We think we can do it, and I think the guys up there are 
beginning to get the feeling it can be done too, " said Povey, 
referring to the EPA hearing panel headed by Deput Administrator 
Robert Fri. 

V. w. Makin, Ma they Bishop president, is scheduled to 
testify today, AS EPA heads into the fourth of what could be 20 
days of testimony. Detroit's Big Three-General Motors, Ford and 
Chrysler-are all scheduled for next week. 

"A question which has not yet been answered completely is 
whether in the real world of customer use and abuse" controls 
will last without maintenance for the 50,000 mile goal set by 
Congress," Leventhal added. 
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But Mathey will report successful roadtesting of a catalyst- 
equipped Chrysler for 20,000 miles to date. EPA Administrator 
William Ruckelshaus has told auto firms he will permit controls 
even though they need some replacement or maintenance during a 
car's life- 

The catalyst makers are also pressing for future "no-lead" 
gasoline with no more than .03 grams of lead a gallon, rather 
then .05 grams, the limit EPA has tentatively ordered starting 
in 1974. Lead ruins the catalyst materials needed to convert 
pollutants. 

EPA yesterday completed hearings on its fuel proposals - 
including both no-lead and lower-lead general fuel-and is expected 
to announce its final decision next month. 

Philip E. Robinson, executive vice president of the Lead 
Industries Association, yesterday requestioned the need for 
no-lead gas until auto makers; have a proved emission-control 
system. 

lie also said no one has demonstrated that lead in the air is 
a health hazard. He was backed on the latter point by Dr. M. K. 
Williams, a London general practitioner and industrial doctor. 
Most health experts disagree. 



Washington Post, April 11, 1972 
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li. O. #3&4 ENVIRONMENT AIR POLLUTION • 



ANTl-l'OLLUTION F.NCrNKS tl^SOMK, BUT PURE AIR AIM WORTH EFFORT 

By Peter Weaver Buffalo Evening News 

It's going to cost • billions of dollars to drastically reduce 
engine exhaust pollution by 1975 as ordered by Congress. 

Who's going to pay for rt? You are. 

Preliminary studies extimate that pollution-control devices 
on a new car in the fall of 1975 (1975 model) will hike the cost 
$275 to $300 above today's new car prices. 

On top of this, the new owner will have to pay an estimated 
$125 to $150 a year in additional maintenance and fuel costs to 
keep the pollution-clean engine running properly. This is because 
pollution-control devices, to do their job, must devices, to do 
their job, must diminish the engine's performance. 

Even with the 1972 cars that have just a few of the programmed 
pollution-control devices, owners are finding engines harder to 
start and performance on the sluggish side. 

What's worse, surveys made in California show taht many of 
the new cars are polluting almost as much as some of the elder 
cars because pollution-control mechanisms aren't being properly 
maintained. 

Sen. Philip A. Hart, chairman of the Senate Anti-Trust and 
Monopoly Subcommittee, feels the Environmental Protection Agency 
and other government agencies must keep the auto industry from 
artificially setting price of anti-pollution equipment too high. 
He fears there's not enough competition. 

Also, to make sure we get our money's work in pollution 
control. Sen. Hart has asked EPA to get moving on the installation 
of a national emission-control inspection system to make sure 
anti-pollution devices on new cars are kept functioning properly. 

So far, the news about the cost of anti-pollution controls 
has been rather gloomy. But there's a brighter side. 

The new anti-pollution equipment on cars, even if it isn't 
running perfectly, will stave off disastrous air pollution conditions 
in a number of cities where automobiles are the major polluters. 

The required periodic engine inspections, when they come, may 
be an inconvenience, but they will force owners to take better 
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care of their cars. Oorners will get more years' service out of 
their automobiles as a result. 

General inspection progreims in Pennsylvania and New Jersey 
show that their cars hold up much longer than those in states 
without inspection. 

You may have to pay $300 or so for pollution-control equip- 
ment on a 1975 car but, when you think of it, many owners are 
willing to pay that price right now to condition and cool the air 
inside a car. 

Why not spend the same amount to help condition and clean 
the air outside? 

If we can get through the next five years or so without 
having to pay too much for emission-control devices, we might see 
entirely new engines evolving which will be clean runK\i'igs, 
reasonable prices and easy to maintain. 

Here are some contenders: STRATIFIED CHARGE: This engine 
will have a new kind of cylinder head to give better combustion 
and less waste going out as pollutants. A four-cylinder, stratified 
charge engine has been developed by the Army Tank Command for Jeeps. 
Hopefully, an eight-cylinder model will be ready by 1978. Ford 
is interested. WANKEL: The Germans developed this "rotary" 
engine and General Motors is experimenting with it. The engine 
packs a lot of power into a small space and will be less expensive 
to make clean. It can use less expensive fuels. TURBINE: The 
gas-turbine engine is supposed to give better over-all performance 
with far less pollution problems. Ford is putting this engine in 
some trucks, buses and boats - but, don't look for it in passenger 
cars until the 1980s. 



Buffalo Evening News, February 8, 1972 
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AUTO. FACTORY ANTI-POLLUTION DEVICES SUCCESSFUL, CHATTANOOGA INVENTOR 
SAYS 

By Jim Corbett Chattanooga (Tenn.) Times, 

A Chattanoogan has invented a device which he says can 
eliminate 90 per cent of an automobile's pollution as well as 
increase the gas mileage. 

The device costs less than $5 to build and is "fitted onto 
the carburetor to expand the gas," says inventor Joseph Gagliardi 
of 7641 Boriss Dr. But he won't describe the invention in greater 
detail because it isn't patented. 

Gagliardi, a retired auto mechanic, steel millwright and 
minister, has been working on the pollution problem about three 
years. 

He has also invented an apparatus which he says can contain 
flight-ash from industrial smokestacks, and a device which clamps 
onto the exaust system to reduce the emission readings. 

"My device is far superior to what they have on the 1972 
cars," he said. 

Wesley Holder agrees. It was fitted onto his 1972 pickup 
which got about nine miles to the gallon in spite of several 
trips back to the dealer. With Gagliardi invention. Holder says, 
he gets about 17 miles to the gallon. 

Holder also did the white hankerchief test for emission 
with success. 

Gagliardi said the invention has been testier! by the Chattanooga- 
Hamilton County Air Pollution Board and found it 90 per cent effective. 

Her Parr, director of the bureau, said the. test showed 
Gagliardi invention cleaned hydorcarbons and carbon monoxide 
but did not reduce the oxides of nitrogen and probably rasied 
that level. 

Gagliardi has another apparatus which works like a rainy 
day" to reduce the oxides of nitrogen, he said. He claims to 
have cut them by one-half. He said the bureau did not have the 
machinery to test this. 

"It eliminates 90 per cent of the three polluting gases," 
Gagliardi said. 
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Before he moved to Chattanooga about a y-aar ago, he started 
writing letters attempting to gain support. Kvery major automobile 
and muffler company knows about his inventions, he said, but 
won't give him the aid unless he divulges his secrets. 

The invention is not patented because of finances, he said, 
lie said he has talked to representatives of several companies 
but hasn't been able to come to an agreement. 

"They all -wanted it on their own terms, and I'm no*- interested," 
he said. 

The device which clamps onto the exhaust system has attracted 
some interest from the state of California, he said, but it 
isn't patented either. 

He has consulted several public officials regarding a 
grant to continuehis work without success, Gagliardi said. 

He has applied for a patent on the smokestack apparatus, 
he said. Before the application, Gagilardi said, he tried to 
give it to three Chattanooga industries as well as Cleveland, Ohio 
plant for publicity, so he could gain support for his other 
inventions but they wouldn't talk to him until he obtained a 
patent. 

"It costs thousands of dollars to control wastes from 
smokestacks," he said. "Many smaller factories have had to 
close down. They couldn't afford it. 

"I can contain flight-ash. I can stop it." 

Next the inventor is planning to concentrate on raising 
the gas mileage of cars. 

"My ambition is to boost that gas milage on up to 20-40 
miles to the gallon," he said, "Why shouldn't I ride in an 
American car that gets just as good milage as a Volkswagen." 



Chattanooga (Tenn.) Times. June 18, 1972 



12 



BEST COPY AVr?!.AOLE 



U (). #4 "ANTIPOLLUTION AND THE ELECTRIC CAR" 

4/ Bt ure C. Netschert 

An you know, the electric automobile is looked on by many 
•n o potential answer to the smog problem. I must confess I 
have a strong personal predilection for it. It makes sense to 
use a system that consumes energy only when it is in motion. 
It is quiet. It must, by its nature, be smaller that the palatial 
iTiobile palanquins we now drive, hence it would contribute i 
iriightily to easing the traffic problem. For the electric automobile 
to be commercial it is not sufficient that it have a battery 
that is economically feasible to manufacture and use: it roust 
Disc recharge with electricity at a rate that is comparable with 
gasoline prices. Its fuel cost, in other words, must be competitive. 

From the published information on the various proposals 
ror electric automobiles it appears that, given th^ appropriate 
battery system, the electricity rates for charging would be competitive 
under present conditions. They might very well not be competitive, 
however, in 1990 or 2000, given the cumulative impact of 
environmental improvement measures on the power industry's costs 
in the coming decades. I don't know whether or not this is to be 
deplored. I certainly don't mean to imply that the electric 
automobile is the only or even the best solution to the smog 
problem. On the other hand, it would be deplorable if the fight 
for environmental improvement unintentionally and unknowingly 
foreclosed a potential development that could win one of the 
biggest battles. 

What I suggest, therefore, is that *-hose who are working to^ 
improve the environment should do their best to probe and appreciate 
..he long-term implications of what they are doing, so that in 
iiheir zeal they do not commit new mistakes in the name of remedy- 
ing past ones. 

In saying this I do not align myself with those who observe 
that there is no clear medical proof of the harmfulness of 
(jxisting sulfur pollution levels in our urban centers; or with 
♦ hOH o who argue that there is no sense in equipping cars with 
devices to lessen exhaust emissions if the public is not going 
to maintain them; nor, especially, with those who protest that 
iitf»ndards are being imposed too soon. I regard such objections 
tj:5 superficial. 

I look, rather, at the more subtle aspects of the program 
to improve the environment, implications such as the long-term 
effect on electric rates I have just described-not so much the 
measures themselves as their direction. It is all too easy to 
set in motion economic forces which, once established are 
difficult or impossible to change or remove. It is all too 
possible to build new rigidities into our economic syscem, 
which depends for its well-being on a flexibility that should 
be as great as possible in order to withstand unforeseen 
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shocks and disturbances, both internal and external. 

There are, as we all know problems in environmental improve- 
ment that remain largely if not wholly, unsolved. We can as yet 
do nothing about the nitrogen oxides. High-level radioactive 
wastes from power reactors are still handled on a temporary basis 
in stainless steel tanks which must be periodically replaced. 
There is the nagging matter of carbon dioxide and the greenhouse 
effect: we cannot yet tell if we are raising the average temperature 
of the entire earth or, as has recently been suggested, wheather 
we are permanently depleting the oxygen content of the atmosphere, 
I am confident the solution to each of these problems will, in its 
turn, come along. In the meantime we cannot stand still, through 
reasons can always be found for doing nothing. I am tempted to 
say that we must move with caution, but caution implies timidity 
and delqy. Caution is also synonymous, however with discretion 
and vigilance, and it is these qualities I urge in our actions 
in combating pollution. 



Protecting Our Environment, Bruce C. Netschert 
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Big X for the Boy 

It alt sounds like something thought 
up by Stanley Kubrick for the movie 
2001. The silent central control room 
houses giant twin computers that send 
do/ens of sleek, 80-m.p.h. silvery ajumi* 
num passenger trains slicking sibilantly 
into stations at intervals as close as 90 
seconds. Each train has only one blue* 
)umpNuit<lad attendant, and he allows 
computers to run the controls except in 
the event of an emergeiKy. Even tickets 
are sold (tn amounts up to $20) by ma* 
chine. The buyer inserts coins or bills; 
after an electronic eye scans them, the 
machine gives forth a credit-card*sized 
ticket. Thereafter, the passenger merely 
enters whatever station he likes and 
sticks his ticket into automatic fare col* 
lectors that swiftly calculate fares (from 
30c to $ 1 .2S, depending on the length of 
the journey) and electronically subtract 
the right amount from the ticket. 

The ride itself is quiet, gentle— no 
lurching starts or jerking halts-^and, 
above all, comfortable. Wool carpet 
covers the car floors, and there are no 
commuter straps above the cantilevered 
seats— the system hopes to provide each 
rider with a seat. Electronic equipment 
maintains a running check on each 
train^s mechanical health. There are au* 
tomatic doors, air conditioning and sta* 
tions glowing in a dazzling, multicoN 
ored array of huge graphics enamel 
murals, mosaic columns and Fiberglas 
reliefs. 

This would be an impressive pack* 
age by any .standard. For residents of 
the San Francisco region, who will see 
the $1.4 billion Bay Area Rapid Tran- 
sit (BART) begin operation this week, it 
represents not only a considerable 
achievement— it is the first new rail 



transit system to be built in the U.S. in 
6S years— but something of a challenge 
as well. BART was built as an attempt 
to entice San Francisco commuters out 
of their cars and onto a fast smooth 
rail transport system that serves the en- 
tire Bay Area. Says Lawrence Dahms. 
BART*s assistant general manager for 
planning and public service: '*The ba* 
sic reason behind BART was not just to 
keep people from building more free- 
ways but to change development pol- 
icy. Since 1946. America has put its 
money in Detroit and highways. The re- 
sult was sprawling suburbs. C an we turn 
the corner on that old, auto-oriented 
policyT' 

Rind Fciitttr*. Apparently the vot- 
ers of three Bay Area counties— San 
Francisco, Alameda and Contra Costa 
-^thought so in 1962, when ihty ap- 
proved a $792 million bond issue to 
fund construction. BART was intended 
to order growth more rationally than 
new highways on the theory (hat de- 
velopment follows a rail system's route 
while hi^ways are usually built wher* 
ever anyone develops the land. Beyond 
that, the planners argued that BART 
would allow poor citydwellers to get to 
new industrial jobs in the booming sub* 
urbs. But what really explained the vote, 
cynics say, was that most motorists sim- 
ply hoped that the rail system would 
keep other cars off the congested roads; 
the individual driver had no intention 
of riding the rails himself. 

In any case, the new system was a 
long time in coming. It was delayed by 
technical problems, political squabbles 
and. most of all, by inflation. In the late 
1960s, the money ran out. Only aid 
from the state, a locally imposed sales 
tax and federal funds kept the ambi- 
tious project alive. The long years of 
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construction ucrc marked by lawsuits, 
as well as by a succession of knotty tech- 
nical problems and prcs* charges of 
>*^yNto and incompetence. There were 
linic\ when it seemed that BART might 
be abandoned. 

On opening day, in fact, only 28 
miles of what eventually will be a 75- 
mile network will be ready. By next 
year, h^vcr, the cn|re system is ex- 
pected to hj ■ q i noif ^The first stretch 
links Oakland, in the East Bay area, 
wiih l-rcmont in the south. The next 
will reach north to Richmond. Other 
arms will extend east to Concord and 
west under the Bay into San Francisco 
and down the peninsula to Daly City. 

1 hc X-shaped system will touch every 
urban population concentration in the 
three counties, linking up an estimated 

2 5 million people. 

If BART works as expected, it will 
cut travel times by anywhere from 30% 
to HO'/r. For example, the trip from 
Oakland to San Francisco will take nine 
minutes, compared with 35 to 45 min- 
utes by car in rush-hour traffic via the 
Bay Bridge. 

Side B«ntfito. barT s promise has 
sparked a $1 billion office-building 
boom in downtown San Francisco, plus 
a major beautification program the 
length of Market Street, In ihc suburbs, 
new homes and apartments are sprout- 
ing near the system's stations, and land 
values have been rising steadily along its 
route. Whether bart will in fact realize 
Its planners* original far-reaching goals 
IS still moot, mainly because the system 
IS so much shorter than first planned. 
"We would like to think we've been a 
catalyst for good things, * says Dahms 
"but It s loo early to tell. ' Environmen- 
tal organizations like the Sierra Club\ 
Bay C hapter« however, have wasted no 
time in praising BART as a ' reasonable 
alternative to freeways and the sprawl 
and smog they inevitably bring " 



Another side benefit is aesthetic. 
BART's 34 stations are designed to be 
bright and appealing— quite a change 
from the usual dreary transit stop. The 
main station at Lake Merritt even has 
a pool and a plaza. About a third of its 
extra-wide tracks will be underground 
and out of sight. Another third will use 
freeway medians, and the rest will be el- 
evated on graceful concrete columns. 
BART has spent $7.5 million on land- 
scaping alone. 

The crucial issue, of course, is 
whether enough people will ride the 
lines. BART is expected to pay its own 
way. (One reason for all the space-age 
automation was to minimize the labor 
costs that account for about 80% of 
the costs of the East Coast*s deficit-rid* 
den transit systems.) Projections for 
1975 predict 200,000 riders on week- 
days, or 60 million a year. This would 
account for 11% of the present com- 
muting traffic. But a telephone survey 
indicated that only 7% of those ques- 
tio..wJ intend to use the system once it 
goes into operation. 

Can BART corral more? Dahms is 
optimistic* and many another VS. city 
is waiting anxiously for the results, since 
most urban planners agree that new 
highwayji exacerbate rather than solve 
traffic-congestion problems. For the fu* 
ture shape of U.S. cities, a lot depends 
on BART. 
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INVENTOR CALLS DEVICE AIR POLLUTION ANSWER 
By Guy Savino Evening News N. Y. Reporter 



New York - The termogenerator, hailed as the answer to the 
pollution problem caused by combustion power systems, was intro- 
duced here yesterday by its inventor, J. Lyle Ginter. 

According to Ginter, the device he has patented after 30 
years of research and at a cost of $3 million will permit the 
use of turbine engines in cars and trucks that will meet the 1976 
standards set down by the Environmental Protection Agency. 

While the automotive and aircraft industries should find 
the thermogenerator of special interest. Ginter said, it is 
electric power companies that should find it of most immediate 
value. . 

At a press conference at the Overseas Press Club yesterday, 
Ginter said: "We are not talking theory. We tell you we have 
develop running hardware. It is in Glendale, Calif., and is 
open for inspection." 

Ginter ''aid that his company, Ginter Corp., is ready to 
license other companies to produce and use the thermogenerator. 
Or his own corporation will produce it. 

"The thermogenerator," said Ginter, "requires no catalytic 
coverter or afterburner. It can be added at virtually no additional 
cost in comparison with other devices that are presently being 
worked on. " 

Ginter said the device is a combv.stion chamber in which 
controlled burning of hydrocarbon fuels occurs. Fuel, air and 
water - in liquid or steam form - is injected into the 
thermogenerator. The fuel - air ratio, flame temperature and 
exhaust gas temperatures are controlled independently. 

Unburned hydrocarbons produce most of the pollution from 
combustion engines, Ginter said, and it is control of tnat factor 
which makes the thermogenerator successful. 

"Water as an invert dilutent is used to control the flame 
temperature," said ginter. "The lowered flame temperature thus 
effectively limits the formation of the oxides of nitrogen." 

In one application, water is added both prior to and following 
combustion, Ginter said. Experiments have proved that the gas 
horsepower of a unit can be increased 300 to 400 per cent in that 
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in that way« he said. 

HIGH SULFUR FUELS: One of the best features of his 
development, Ginter said, is that it makes the use of high sulfur 
content fuels possible. When coal is gassified and oil shale 
is made usable, the thermogenerator will help man tap a resource 
with a known world reserve for the next 300 years. He said this 
makes his invention of extreme importance to the power companies 
which have become increasingly alarmed over fuel supples of the 
future. 

Ginter said the thermogenerator also is a satis facory 
alternative to nuclear power and its pollution. ' 

According to the Ginter organization. Advanced Automotive 
Power Systems Division, Ann Arbor, Mich., and the Combustion 
Research Section of the Electric Power Generation Division, 
Durham, N. C, both Environmental Protection Agency units, have 
requested an early testing date for the thermogenerator. 



Newark Evening News^ July 12, 1972 
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TRANSPORTATION ' 



SCRATCHING THE SURFACE: At five minutes to eight on a 
cold morning in February 2000, a commuter hurries into the ground 
entrance of the Washington, D. C, subway station. His haste is 
not a matter of time but to escape the snow which mantles his 
coat collar. He has an hour to reach his desk in Manhattan, 
little more than two hundred miles away. 

The junior executive shucks off his coat and rides down the 
escalator to train level. The lobby is busy with people, but 
it is clean, sound-conditioned, and as comfortably warm as the 
lobby of any large building. The commuter fumbles for his 
plastic credit tab and presents it to the turnstile scanner. The 
computer, to which the scanner is attached, instaneously 
identifies him, notes his destination, admits his through the 
gate, and blinks on a light directing him to his car. As he 
approaches, the doors slide open and just as smoothly close 
behind him. "Hand^ gadget," he muses as he has every weekday 
morning during the few months the new subway system has 
been in operation. "Ride anywhere anytime on the Boston- 
Washington system, then pay a monthly bill of only 150 dollars, " 

Mr. Commuter settles into his comfortable seat beside the 
curving wall of the car. There are no windows because this train 
will never travel above ground. He idly watches the 3-D taped 
newscast which will be repeated every fifteen minutes during the 
brief run to New York. He glances at his watch. The other 
nineteen seats in the car fill quickly, and at exactly 8 a.m., 
there is a slight sen%e of motion as the train pulls away from 
the station. He could have waited until the 8; 10, but he preferred 
the express, which made only one stop - at Philadelphia - before 
reaching New York. Also the short express run gave him time 
for the leisurely six-block walk to his office from the midtown 
terminal . 

* 

After that first breath of acceleration, there is no sense 
of motion at all, no awareness that the train is picking up 
speed at a fantastic rate as it arcs downward in its tunnel, 
reaching a maximum depth of thrity-five hundred feet. The 
train is propelled entirely by the downward pull of gravity 
augmented by air pressure pumped in behind the train. 

This view of ground travel three decades from now is not a 
sciencef iction dream. It is one of many imaginative but highly 
feasible schemes for major advancement in surface transportation. 
Under a new federal law, whicn established the Department of 
Transportation at cabinet level, government and industry researchers 
and engineers in the past three years have poured out new ideas 
and hardware that promise tremendous improvements in commuter 
travel, within and between metropolitan centers. Change was 
overdue in an industry which essentially had not improved in 
a third of a century. 
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Man is land-based creature, and thus for all of his 
centuries, most of his travel has been on the ground. But 
man is also an animal that accepts no limits to the scope of his 
hunting ground and has searched persistently for faster, more 
convenient, and comfortable ways to travel greater distances. 
Although his motion has been phenomenal, man so far has only 
scratched the surface in transportation. Moreover, some of his 
scratches, while providing great freedom of mobility, are also 
creating conditions which threaten general health and life, 
such as air pollution from the automobile. 

Most of this generation has passed beyond memory of the horse 
and-buggy d?ys, but those days extended backward to antiquity and 
did not end until the automobile and electric streetcar gained 
popularity in the first two decades of this century. It was 
really the horse and buggy which created Small Town, American, 
because a farmer and his family with only this method of 
transportation could not travel more than ten miles for the 
Saturday trip to town. In the growing industrial centers of 
the East and Northeast, a young man climbing the executive 
ladder in the textile industry lived near enough to his factory 
that he could walk to work. It as the streetcar which firs 
impelled cities toward the urban sprawl so pronounced today. 

Although not the inventor of the motor car, Henry Ford 
introduced mass production methods which made the Model-T 
the symbol of an era. Ford also aimed us along a ha If -century 
trajectory which very nearly has enslaved us in worship of the 
automobile. The Model-T went into production in 1908 at a cost 
of 850 dollars each. With improvements, production reacher 
1,000 cars a day. Although finer automobiles were built in 
those early days, it was Ford who reached the common man. 
Fifteen million Model-T* s were sold under the slogan "gits ya 
there and gits ya back," and the price eventually came down 
to 200 dollars. From that point on there was no stopping the 
horseless buggy. 

As the decades - and two World Wars - passed, the auto 
pushed the electric streetcar into oblivion. Thousands of miles 
of railroad track were left to rust, deserted by passengers and 
freight that now moved by truck. The automobile sired the 
rubber- tired motor bus for mass transit in urban centers, tlien 
proceeded to clog the streets so buses could not move. Transit 
companies dwindled and died. Only large metropolitan centers, 
such as New York, Philadelphia, and Chicago, which could support 
mass transit tied to rails and subway systems, would boast of 
adequate means for getting the working masses (and shoppers) 
to and from their jobs each day. Even there, however, a 
constipation of humanity began to grow amid and unplanned 
jumble of trains, subways, buses, delivery trucks, and private 
cars. Anyone curious to see this mess in action (or inaction) 
needs only to ride a taxicab across midtown Manhattan at four 
o'clock any Friday afternoon. 
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The expressway, or freeway, when it emerged from the drawing 
boards of traffic enaineers in the 1930 's seemed to be the answer to 
all prayers. Indeed, the freeway, with its broad avenues of 
asphalt and concrete -sweeping over, under and around the grid 
of streets and avenues of the "old" city, has served for more than 
twenty- five years as a tremendous step forward in the movement 
of mass millions of people. The limited-access speedway was not 
the panacea for all transportation ills, but for many years it 
bli.ided us to our growing enslavement to the automobile as the 
only way to move. As a consequence, suburbia spread farther and 
farther into the country from urban centers. Rail and bus lines 
lost customers because they failed to keep. pace. As customers 
dwindled, mass transit systems failed to keep their tracks and 
rolling stock up to date, service grew progressively worse, and 
finally mass transit was threatened with extinction in most 
major cities at precisely the time in history when it was needed 
most. What the majority had failed to realize is that there must 
be a balance of several transportation modes to prevent any one 
system from progressing to the extreme of self-extinction. 

The extremes to which we already have gone in our auto- 
idolatry is illustrated by the more than 90 million cars, trucks, 
and buses on United States road today. Although 1967 was a bad 
year, and only about 7.5 million cars were produced in the 
country, 1968 was expected to approach the 10 million mark before 
its. close. Under a deliberate program of planned obsolescence, 
the auto industry spends 500 million dollars a year in advertising 
alone to enfc»ure that 5 to 6 million cars each year are assigned 
to the junk heap, where they're now worth about 12 dollars per 
carcass for scrap. Aside from the simple pleasures of driving a 
car and its utility as a handy way to get from one place to another, 
this vehicle intensifies the natural aggressiveness of the human 
male and serves as an outlet for rivalry. How many time have we 
heard roaring motors and car horns used as a substitute for 
brains? The chrome-lated monster equipped with broad- traction 
slicks is especially useful to enhance the doubtful virility of 
young men. A national survey recently showed that 75" percent of 
high school juniors and seniors in the nation now have drivers' 
licenses. Forty- four percent own their own vehicles, chosen from 
the more than 300 different models available each year from Detroit. 

In 1904, there were about 2 million miles of roads in the 
United States, all dirt. From taen until well after 1909, when 
the first mile of concrete highway was laid down, a heavy rain 
or spring thaw was enough to bring all ^lutomobile travel to a 
halt, even the high-wheeled Model-T which was built to cope with 
the average roads available in those days. Today, after spending 
nearly 90 billion dollars on roads, the miles of concrete ribbon 
have increased to 4 million. We're now spending more than 12 
billon dollars a year for the single purpose of handling the 2 
billion miles we drive each day. In 1975, when the 41,000 mile 
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(50 billion dollars) grid of the National Interstate Highway 

System is completed, it is estimated American will drive 1,165 

billion miles per year. If the automobile were allowed to grow 

in proportion to present trends and population predictions, by 

2000 the national interstate highway system could well be reduced 

to a 41,000 mile parking lot. When we consider road building, 

automobile purchases, repairs, maintenance, a system of 30,000 

drive-in restaurants and motels, parking lots, damage suits, and 

lawyer fees resulting from million of accidents, and support of 

most of the oil industry, the automobile accounts for about one 

dollar out of every seven dollars in total production of the 

United States annually. That means the automobile costs us 

more than 100 billion dollars a year. It seems something is 

drastically out of balance when one-seventh of the entire human 

effort in our nation is devoted to this single facet of transportation. 

The automobile's mastery of our present civilization is 
expressed in the massive traffic jams of cars, delivery trucks, 
and buses on city streets and more recently the freeway, where 
road construction costing two million dollars to 23 million 
dollars per mile is unable to keep pace with the mushrooming 
numbers of vehicles. One answer to this disease is the 
suburban business center, but that leads to decay and abandonment 
of central cities, and does not ease the problem, now growing 
critical, of regional air pollution. Sixty percent of America's 
air pollution is blamed upon the gasoline-powered automobile. 
This growing threat to the health of 200 million people, quite 
aside from the 50,000 and more persons killed in accidents each 
year, may be the lever which will force us into new modes of mass 
transit; as Boyd comments, a balanced system which will give 
more people a free choice of the best way to move themselves 
and their freight where they need to go. 

In a democracy major problems are often foreseen with 
adequate lead time for solution, but economic factors and lack 
of consensus delay action until an emergency situation arises. 
Then, unfortunately, the problems are solved under conditions of 
panic and crash programs which lead to waste of resources and 
money. Although it may not yet have reached the crisis point, 
such a situation now exists in the traffic congestion of our 
major cities. 

One obvious answer to the problem, and one which probably 
will see the greatest advancement in the next thirty years, is 
the revitalization of municipal mass transit systems. One reason 
mass transit has declined so seriously in the past three decades is 
that a commuter in most cities can drive downtown faster and more 
conveniently than on a train or bus. At the same time, such 
major metropolitan centers as New York, Philadelphis, Boston, 
and Chicago have continued to expand principally because the 
venerable subway and companion bustrain systems offered greater 
ease and convenience of travel than the automobile. 
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One fact is clear; if a transit system is to serve any 
useful purpose by the turn of the century and beyond, it must be 
faster, cheaper, and more convenient than using a car. For 
example, a typical Los Angeles commuter wedded to the freeway 
system may drive 50 miles to and from work each day, spending a 
total of two hours or more in the process. That's 100 miles at 
minimum of 10 cents a mile plus one dollar or two dollar per day 
to park his vehicle. If a train or similar system can cut his 
cost and time in half, he will ride it. If not, the new transit 
system will simply languish without passengers. 

The first completely new municipal transportation system in 
the United States in the past half -century is now under construction 
in the San Francisco Bay Area. Using new lightweight cars and 
computerized train control, it combines surface rail lines, 
elevated track, and submerged tube under the San Francisco Bay 
to link Oakland, Alameda, Berkeley, and dozens of other communities 
with San Francisco. When it is finished, at a cost of well 
over one billion dollars, the new system promises commuters an 
average speed of 50 miles an hour and frequent service. Considering 
thc»t a new transit system should solve problems for at least 
half a century, the Bay Area complex will be to some degree 
obsolete when it goes into operation in the early 1970 's. For 
the immediate future, however, the new train system is expected 
to bring about a 30 percent reduction in auto travel in the 
Bay Area. 

While San Franciso builds one. Los Angeles is just now 
planning a new rapid transit system. This city, as it grew, 
sprawled all over the landscape, thanks mainly to the freeway 
system swallowing up new suburbs as fast as they could be born. 
As a result, population density is so low in any specific area 
that it is difficult to design a new high-speed system whicn 
will attract sufficient customers to keep it alive. Such a 
system, however, is mandatory both to reduce the strangling 
congestion of cars and the severe smog which they create in 
the Los Angeles basin. 

Nationally, the lethargic transportation pendulum is just 
beginning to swing away from the auto and its expensive highways. 
In 1967, the nation spent 13 billion dollars for roads, but the 
federal government allocated only 11 million dollars for the 
Northeast Corridor Transportation Project, which hopefully will 
move millions faster in the megalpolitan area stretching from 
Washington, D. C, to Boston. As part of this plan, the Pennsyxvani 
Railroad is now running new trains over improved roadbed at an 
average of lOOmph. New York City itself, with 4 million 
commuters in and out every weekday, has funded plans for a new 
subway under the Manhattan core end extension of other subway 
lines. Electric trains from Long Island, Connecticut and upper 
New York state are expected to cut commuting times for many 
almost in half. But transport plans there are still heavily 
wighted with cost for extending freeway systems. Most of these 
improvements are helpful but only marginal in solving problems 
of the future. The technology exists for more imaginative 
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approaches and future developments will depend primarily upon 
how soon the public is willing to buy really effective systems. 

One experimental approach by Westinghouse Electric Company 
for suburban use consists of rubber- tired lightweight cars riding 
on overhead rails with automatic computer control of speed and 
spacing between cars. This type of system would offer about 
50 mph average speed for riders within a city like Cleveland or 
Chicago. But if we are thinking 30 years into the future, we 
think of 100 million more people crowding into the major metropolitan 
centers. Commuting will stretch from 30 to 50 miles at present 
up to more than 100 miles in thirty years. 

To tackle this problem, we need a train or similar conveyance 
which will average much more than 100 miles an hour. When we 
attempt very high speed in surface travel-say to 200 or 300 mph- 
it becomes advisable to stop thinking of steel wheels running on 
steel rails. 

One alternative is the hovercraft, and the United States 
at the moment is lagging behind Great Britain and France in 
research and development of this concept. The hovercraft vworks 
on the principle of a cushion of air maintained beneth the 
properly shaped vehicle to keep it suspended a few inches, or 
even a fraction of an inch, above the surface on which it 
travels. Thus no wheels are involved at all. The French are 
experimenting with the Aerotrain, which as already achieved 210 
mph in tests. The cars, powered by jet aircraft engines, follow 
a guide rail in the center of a smooth concrete roadway, and 
speed along only part of an inch above the surface. England has 
already invested more than $6 million in an Id mile test track 
and equipment where the hovercraft principle is being tested. 
Speeds to 300 mph are under study. Although the French use the 
jet engine for propulsion, tests indicate this may be noisy 
and subject to train to buffeting. The English are experimenting 
with the linear- induction electric motor, which imparts power 
from the roadbed to counterpart electric elements in the moving 
cars as the train moves silently along suspended a tenth of an 
inch above the "track." 

Although it would be pleasant to contemplate the end of the 
automobile by the turn of the century, this vehicle is likely 
to be much with us just as it is today. If is likely, however, 
that gasoline and disesl power-systems, at least for city and 
suburban driving, will have been replaced by quieter and cleaner 
methods of propulsion. 

Although it may be ten years before practical models are 
perfected and marketed, the electric car has already started a 
major resurgence, principally under the goad of state and federal 
laws aimed at reducing air pollution. Models are already available 
which will carry four passengers as much as 100 miles at speeds 
from 30 to 50 mph. This kind of vehicle is foreseen as the ideal 
"second" or "third" car for the average suburban family of the 
future. Statistics show that a great majority of auto travel i£ 
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done in trips of 10 miles or less with one or two persons driving 
on residential and commercial streets. Later, as improved batter ias 
and electric storage systems become available, the electric auto 
will become attractive for long distance, higher-speed driving 
as well. 

The electric car is seen as an ideal companion to the 200- 
to-300-mph rapid transit systems of the future. Bus and train 
lines are open to the complaint that they cannot deliver a 
person exactly where he wishes to go. Therefore, many engineers 
see the twenty-first-century salesman, who has several downtown 
calls to make, riding the train 100 miles in from the country, a 
journey of 30 minutes or perhaps less. At this terminal he will 
be able to check out a small electric car, make his calls during 
the day, and then when he returns the car, drop change into the 
automatic turnstile which measures the amount of power he used 
and charges accordingly. 

Another high-speed combination using the electric car would 
not involve a train as such, but a continuously moving conveyor 
cable. The traveler would drive to the station, hook onto the 
cable, and then ride in his own vehicle to a downtown destination 
at speeds of 100 mph or better. At the end of the main run, he 
would disconnect from the cable and drive to his precise destination. 

While many alluring plans for aut.o-transit combinations loom 
for the future, other engineers are seeking ways to improve 
until ity of the freeways and increase their safety. Dr. Homer 
H. Grant, Jr., professor of industrial engineering at the University 
of Southern California, says that electronic devices coupled with 
freeways of the future will make "peak hour travel pleasant, 
relaxing and much safer." He believes computer control will be 
used for lane direction controls as well as for speed and safety. 
The day is coming. Professor Grant is certain, when only tiny 
automobiles will be permitted on commuter freeways. Both cars 
and drivers will be required to pass special examinations before 
they are permitted to use the road. Combining the electric car 
and the freeway, 200 may see freeway lanes which transmit power 
directly to the automobile passing overhead, and thus control 
its speed and position. According to a transportation study 
completed by North American Aviation for the State of California in 
1965 such a freeway lane could handle forty cars (traveling ac 
150 mph) in the space now occupied by single moving vehicle. 
Obviously such a computerized freeway could effectively multiply the 
amoun- of vehicular traffic traveling our roads and bring ir.arxed 
safety improvements as well. Another technological development 
which may lead to an interface with the electric car is the 
experiment transmission of electric power by airwave, without 
use of wires. When this potential becomes reality, electric 
cars will travel freely without dependence up batteries, fuel 
cells, or other internal motive power. Such a development would 
be welcomed in high-smog areas such as California, where Frank 
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stead, former chief of the state's anti-pollution efforts, has 
proposed that the legislature ban all gasoline-powered vehicles 
from state roads by 197*3 . Commenting upon the declining condition 
of our air. Stead said that a single car uses more oxygen in a 
45-roinute drive than all the* millions of people in Los Angeles 
breathe during the same period of time. 

In 1967, Max L. Feldman, a member of the American 
Institute of Planners, predicted that by the turn of the century 
there will be "at least one east-west and two north-south 
automatic highways, guiding and controlling individual passenger 
vehicles speeding from coast to coast and border to border. 
The ability of people to go where they want, when they want, in 
their own vehicles by the route of their own choosing will • 
eventually have to be limited in order to prevent the complete 
collapse of urban circulation systems and save the cities 
themselves. " 

With surprise an inherent ingredient in a rapidly 
developing technology, none of the systems we have considered may 
be the favorite thirty years from now. However, the most 
promising future transport method, as discussed fancifully at 
the beginning of this chapter, is the underground tube, where 
gravity, air pressure, and vacuum may bje used as cheap, high-speed 
propulsion sources. Aside from speed a]nd convenience, the 
deep underground tube would serve the ijaudible purpose of removing 
transportation clutter from the surface. Moving people is a 
primary consideration, but most of our metropolitan freight 
of the future also should move by underground tube. Operating 
from terminals outside a metropolitan area, these tubes could 
transmit any commodity in containers to destinations within a 
city, just as the old vacuum-tube change systems used to work 
in department stores. Thus the large metropolis of the future 
could move its people and freight underground, and as an added 
step, empty containers could be filled with trash and garbage 
and removed by the same route. 

In the 1965 study by North American, Jack Jones, an assistant 
to the company president, predicted transportation requirements 
will increase five to seven times between now and the end of the 
century. The study predicted that devices which will be common- 
place by then include automatic freeways, underground trains 
traveling at six hundred miles an hour, ocean liners as fast 
as airliners, and floating ocean piplines to deliver produce from 
automated farms to city markets all over the world. Several of 
the predictions were echoed by Max Feldman of the Institute of 
Planners. "By the year 2000," he said, "the larger U. S. cities 
may have converted completely to electric transportation and 
several new cities should have been built to incorporate the most 
recently developed transport systems and offering maximum 
convenience. " 

"And," Feldman added, "with gasoline and ether taxes paying the 
fare, public transportation might even be free." 

Man: The Next Thirty Years, by: Henry Still 
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KANSAS INVENTION SCRUBS AIR BLUE 

By Darrell Morrow^ of The Eagle's State Staff 

Burrton^ Kan. - A rural machine shop operator has constructed 
and patented what he believes may be the solution to eliminating 
pollution from industrial smokestacks. The equipment, designed 
and built by Leo Bassett, operator of LB Mfg. Inc., is called a 
Blue Sky Air Scrubber. 

Bassett said his machine is a modification of one designed 
to remove particulate matter from exhaust systems of alfalfa mills, 
with the modifications ^ Bassett said, the machine will extricate 
fly ash, tars and sulphur dioxide from exhausts of furnaces 
burning fassil fuels, such as coal and oil. "In experimenting, I 
ran the thick, black smoke from burning rubber tires through it 
and no sign of smoke came out of it," said Bassett. 

Bassett 's experimental machine, which he estimates is 
capable of cleaning an exhaust of 50,000 cubic feet per 
minute, passes the exhaust through three stages before returning 
it to the atmosphere. First, the exhaust is forced through an 
after-burner to achieve more complete combustion, then it is 
sprayed with an ammonia water solution and finally filtered 
through a layer of crushed limestone rock, Bassett said. 

No complicated chemical compounds are being used in the air 
pollution control unit, he stressed. "I think that if we use 
natural stuff that the good Lord .put here on this earth to take 
care of this pollution, it will work longer and do a better job 
than anything else .you can come up with," Bassett said. 

Ultimate removal of the deadly sulphur dioxide is achieved 
through a chemical reaction with the limestone filter, he said. 

The experimenta] air scrubber covers almost the entire 
bed of semi-trailer. The final stage is a large rotating drum 
with a steel mesh outer surface layer containing 10 tons of 
high grade crushed limestone rock. Bassett said he has deter- 
mined it will take about 14 tons of crushed limestone to double 
its capacity to clean 100,000 cubic feet per minute of exhaust 
air. 

The secret to removing the harmful sulphur dioxide lies in 
having the limestone hot when the gases pass through, said 
bassett. He said correct combination was discovered accidentally 
during experimentation wi,th the machine when his assistant 
misundersto.'^d his instructions and turned the gas burner used 
to heat the stone to its maximum output level. 
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"When the rock got to 300 degrees everything coming out of it 
(the exhausc) just disappeared," he said. "At 300 degrees, it 
take out sulphur and fly ash." 

To assure complete removal of pollutants from the exhaust 
air, the limestone is fired to between 350 and 400 degrees, he 
said. The tars, ammonia and sulphur pollutants are cleaned 
automatically from the limestone as it wears away while timbling 
inside the steel mesh drum, he added. 

Some fossil-fuel power generaging plants under construction 
may utilize one-fifth of their potential generating capacity 
controlling pollution by using other control processes, Bassett 
said, "They could hook up this machine and do away with the 
smokestacks," he said, "There wouldn't be any need for them." 

He doesn't anticipate being able to produce any standard 
models of the machine. "Each one of these is going to have to be 
designed for the job," he said. "We're not going to be able to 
go to work like with a Ford assembly line." 

One of his machines is in use removing the dust from a 
ready-mix plant operation in Ogden, Utah, he said. His alfalfa 
mill scrubber was a wet model, using river gravel inside the 
drum to knock down the dried alfalfa particulate matter, he 
added . 

Bassett estimates cost of his machine would be about ~:1.60 
to §1.80 per 1,000 cubic feet emission capacity. 



Wichita (Kan.) Eagle, February 7, 1972 
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NSP FINDS THE MARKET PROFITABLE FOR ITS GENERATING PLANTS' COAL WASTE 

By Dick Youngblood Staff Writer Minneaspolis Tribune 

In its pursuit of a brighter life for us all. Northern 
States Power Co. (NS?) has stumbled on a way to add a little 
radiance to its own financial reports about $170^000 a year 
worth. 

This is the estiinated 1972 payoff from NSP's recent success 
in developing markets for much of the furnace by products produced 
by its four coal-fired generating plants in the Twin Cities area. 

Each year at these plants^ devices called electrostatic 
prescipitators collect literally tons of fine-powdered fly ash 
from the burning process. 

Before the first prec oitators were installed in the early 
1940s, dense black smoke puuring out of the plant stacks made 
life a little, dimmer for all of us. 

Since then, however, the problem has been what to do with 
the cocoa like stuff and with the larger, more granular particles 
of slag that collect in the bottoms of the furnaces. 

Until last year, the compnay paid somebody to haul it 
away at a cost, in recent years, of about 50 cents a ton, according 
to Vic Wood, NSP*s manager of fuel procurement. 

Finally, after "working like Trojans" for 15 years to sell 
the material. Wood said, there were several break throughs in 
1971, including: 

Approval by city, county, and state governments of the use 
of fly ash as a low-cost partial replacement for cement in ready- 
mix concrete, as well as a compactable construction fill. 

Girowing acceptance of the slag for use as a granular 
construction fill and as a winter tim<5 ice control material. 

"Fly ash can be used to displace up to about 20 percent of 
the cement in a mix," Wood explained. Government specifications 
now allow its use in curbs, gutters, foundations and a variety of 
cement products (but not yet on roadways) . 

NSP contends that not only is the cost of fly ash to the 
cost of fly ash to the ready-mix plant about $12 a ton less than 
cement, but it acts as a lubricant that makes the concrete easier 
to work with and to finish. 
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As a result of the recent breakthroughs in the market place, 
NS? is looking for these kinds of payoffs from the sale of furnace 
byproducts in 1972: 

About 20,000 tons of fly ash will be sold as cement re- 
placement. Figuring the 50 cent a ton saving on previous costs 
of trucking it away, plus a net price of about $2 a ton for the 
material, the total benefit would be approximately $50,000. 

Sule of another 140,000 tons of fly ash as construction 
fill would return about a nickel a ton over hauling charges. 
Net benefit would be $77,000. 

About 75,000 tons of slag will be sold for fill and ice 
control, returning about 10 cents a ton over hauling costs. 
This would add another $45,000 to the total benefit. 

And if current experiments with the use of slag pay off. 
Wood said, this $172,000 combination of savings on hauling 
costs and sales of byproducts could go much higher. 

"If these experiments prove out," Wood predicted, "we're 
looking at a potential annual benefit of $300,000 here in the 
Twin Cities. " 

Figuring about 19 million shares of NSP stock outsanding, 
that would amount to little more than a penny and a half a share. 

"We'll take a penny and a half anywhere we can get it these 
days," an NSP official observed. 



Minneapolis Tribune, July 6, 1972 
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I. in :i<M4-. itit) :;olut ions t.o aii f) dilution, we must accept 
t » I < 'JMIH '< • 1 .>vo 1 . 

II. (.n».iriqo:-. in lifo style through car pools, bicycling, and 
walkint? are efCoctive way« of reducing air pollution. 

III. Profit making can be in conflict with the desire for clean 
air. 



Ccmcopts BEIiAVIORAL OBJECTIVES: 

1 1. After completing the unit the student will 

define, in a single sentence of 25 words or 
less, the term, tolerance levels. 

r 2. After completing the packet, the student will 

correctly select from a list two reasons why 
certain tolerance levels of air pollution might 
be accepted by society. 

II 3. The student, after completing the assigned 

reading, will participate verbally at least 
three separate times in a seminar of 40 to 
50 minutes on the topic of the reduction of air 
pollution as a result of a change in life styles 
through car pools, bicycling, and walking. 
Then the student will explain in one paragraph 
of less than 50 words the manner in which air 
pollution is reduced effectively as a result 
of car pools, bicycling and walking. 

ni 4. After completing the assigned readings, the 

student will participate verbally at least 
three Separate times in a seminar on the 
possible conflict between profit-making and 
the desire for clean air. Then, the student 
will select from a list, two aspects of the 
confict that exists between the desire for profits 
and the desire for clean air. 



At this time administer the pre-test. 



PKi:-POST TKST 
VACKET 7 



c 

Define, in a single sentence of 25 words or 
less, the term tolerance levels. 



Select from the following list two reasons 
why certain tolerance levels of air pollution 
might be accepted by society. Circle the 
correct choices. 

A. The nature of industrialization causes air 
pollution. Without certain levels of pol- 
lution, some industries could not function. 

B. The value of making money may be worth the 
inconvenience of some pollution. 

C. The automotive industry is not too concerned 
with air pollution, therefore, why should the 
government? 

D. Extensive use of the automobile means that 
urban areas in the future will have to accept 
smoggy days as being inevitable. 

E. Science has not developed the technology 
necessary to appreciably clean the air. 

Explain in one paragraph, of no more than 50 
words the way in which air pollution is reduced 
effectively as a result of car pools, bicycling 
and walking. 
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*l 4. Correctly select from the following list, two 

aspects of the conflict that exists between 
the desire for profits and the desire for clean 
air. Circle the correct responses. 

A. The conflict between profits and clean air 
is an either/or situation. Very seldom can' 
industr"*^ make profits and not emit air 
pollut 3. 

B. Usually the cost of emission control devices 
hits the small businessmen hardest, therefore, 
this cost could drive them out of bus-iness 
and elif.inate competition in some industries, 

C. Most companies simply pass the cost of 
pollution control devices on to the consumer 
in the form of higher prices for goods. 

D. Changes in industrial production as a result 
of pollution control devices results in 
higher unemployment. 



o 
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PKi:-P()ST TEST ANSWER KEY 
PACKET 7 



Define, in a single sentence of 2b words or 
less, the term tolerance levels. 



lution, are levels of pollution which wil l not 
interfere with the health or welfare of 



mank ind. 



Select from tho following list two reasons 
why certain tolerance levels of air pollution 
might be accepted by society. Circle the 
correct choices. 

' A.j The nature of industrialization causes air 
pollution. Without certain levels of pol- 
lution, some industries could not function. 



BJ The value of making money may be worth the 



inconvenience of some pollution. 

C. The automotive industry is not too concerned 
with air pollution, therefore, why should the 

government? 

D. Tilxtensive use of tho automobile means that 
urban areas in the future will have to accept 
smoggy days as being inevitable. 

E. Science has not developed the technology 
necessary to appreciably clean the air. 

Explain in one paragraph, of no more than 50 
words the way in which air pollution is reduced 
effectively as a result of car pools, bicycling 
and walking. 

All three of the above mentioned activities are 
alternatives to indivic luQl use of the automobile^ 
The automobile has become more than a mode of 
transportation. Today, automobile. is a status 
symbol, recreation device, a hobby for many, and a 



Tolerance levels, when applied to air pol- 
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moans of instant convient transportation. An y- 
time individual use of the au tomobile is reduced or 
eliminated then air pol lution is similarly reduced. 

correctly* select from the following list, two 
aspects of tho conflict that exists between 
the desire for profits and the desire for clean 
air. Circle the correct responses. 

A. The conflict between profits and clean air 
is an either/or situation. Very seldom can 
industries make profits and not emit air 
pollutants. 



By Usually the cost of emission control devices 
^ hits the small businessmen hardest, therefore, 
this cost could drive them out of business 
and eliminate competition in some industries. 



C. jMost companies simply pass the cost of 
^pollution control devices on to the consumer 

in the form of higher prices for goods. 

D. Changes in industrial production as a result 
of pollution control devices results in 
higher unemployment. 
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BACKGROUND INFORMATION 
PACKET 7 



T1k« most important aspect oi" this packet is for the in- 
structor to clenrly understand the conflict that exists between 
Uw (iosirt- for clean air and the desire for profits. Most of 
the time, thin conflict is not a black and white situation. 
I'rotits and clean air can both be obtained -simultaneously. 
Unwovor, too often industry appears to be concerned with only 
profits. 

The automobile industry is a good example of the conflict 
that can occur between profit making and the desire for clean 
air." As much as the automobile industry would like you to 
bGlir.-v*?, they did not start controlling emissions until laws 
were- passed rfjquiring therr. to do so. General Motors as late 
as r)70, spent fifteen to twenty times more on advertising 
thnn on research for pollution control devices. 

Not only can profits and clean air be simultaneously 
obtained, but some companies are capturing some emissions and 
turnin-j thorn into profits. The petroleum industry has taken 
the- sulfur out of oil and is estimated to sell forty million 
dollars worth of sulfur a year. 

The second important aspect of this packet concerns life 
.stylon and how modern, urban life styles contribute to air 
pollution. Two car families are conunonplace in our society 
We are very convonif^nce oriented. if we forget something at the 
supermarket, then the housewife hops into the car and drives to 
the store to obtain the forgotten item. Also, despite efforts 
to get people to form car pools, the commuter prefers the 
convience of not having to bother with car pools. 

For further reading. Progress and the Environment provides 
not only some more information but there are several good questions 
which can be used in the discussions. 
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Behavioral 
Ob j v<: t i vo 

Number Concept I Required Activities: 

1 A. This reading assignment (Progress and the 

Environment pages 92-92 and 100-109) is 
especially good for the groups discussions 
of activity II - B and III - A. There are 
many good questions in the reading that 
should help stimulate some discussion. 

1&2 B. This is an open ended activity. The answers 

the student arrives at, especially part two, 
might n-.t necessarily agree with the views of 
the instructor. The important thing for the 
instructor to remember when evaluating the 
answer is whether or not the answer is 
scientifically accurate and sociologically 
reasonable. This assignment has nonstandard 
textbook answer. Therefore, one problem that 
might confront the instructor is students 
constantly asking where they will find the answer. 
The instructor should encourage the student to 
hypothesize what might be the reasons tolerance 
levels must be accepted. Perhaps the most 
obvious answer to part two is the fact that it is 
economically unfeasible to obtain zero air pol- 
lution. The second answer students might give 
is that society might be unwilling to change 
its life style to reduce air pollution. 

Concept II Required Activites: 

3 A. For this activity, use Data Sheet, 1. The Data 

Sheet 1, is to be used as a pre and post test. 
It is to be administered prior to beginning this 
unit on pollution and at this point in packet 
seven. This purpose of this data sheet is to 
develop a set of statistics, to be used for 
determining whether or not a change in life 
style has occurred with respect to transportation. 
The results can be used in the discussion of 
Activity B. 

Since this packet concerns itself with modern 
man's value system in respect to the use of the 
automobile, it is hoped the data sheet experiment 
will aid the student in developing an awareness 
of their own system of values. 



79 



B. Try to ostab) ish, through questioning whether 

<\n pools, walking and bicycling are going to be 
thr prinu'iry way man can reduce air pollution. 
Again through questioning the students should 
verbalize some of the values they hold which 
are in conflict with the use of non polluting 
models of transportation. Some of the values 
that the students might discuss are as follows; 
c(mvon Lonce status of driving a car and social 
pressure .to conform to ncu-ms as they relate to 
the use of the automobile. 

Concept III Required Activites: 

A. The following points that need to be discussed 
during this activity. 

1. The possible conflict between profit making 
and the desire for clean air is just that, 

a possible conflict. It is not the purpose 
of this discussion to make industry appear 
as the big, nasty polluter. 

2. The students on the other hand should 
realize that industry has very seldom taken 
the initiative to clean up their emissions. 
Government, through legislating emission 
standards, has required industry to stop 

pol luting. 

B. The video-tape used in this activity is 
available through the Administration Building, 
Mr. Verlin Abbott, Parkway School District. 

It will be necessary to reserve the tape a 
few weeks in advance. The instructor should 
have Data Sheet 2 available for the students. 
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CONCEPTS: PACKET 7 

I. In socking s:..utions to air pollution, we must accept 
tolerance levels. ww^^u 

w^?kTn^ ill ^^5^ ^5^^^ through car pools, bicycling, and 
walking are effective ways of reducing air pollution. 

III. Profit making can be in conflict with the desire for clean 

Concepts BEHAVIORAL OBJECTIVES: 

I 1. After completing the unit the student will 

define, in a single sentance of 25 words or 
less, the term, tolerance levels. 



2. 



II 3. 



Ill 4. 



After completing the packet, the student will 
correctly select from a list two reasons why 
certain tolerance levels of air pollution might 
be accepted by society. 

The student, after completing the assigned 
reading, will participate verbally at least 
three separate times in a seminar of 40 to 
50 minutes on the topic of the reduction of air 
pollution as a result of a change in life styles 
through car pools, bicycling, and walking. 
Then the student will explain in one paragraph 
of less than 50 words the manner in which air 
pollution is reduced effectively as a result 
of car pools, bicycling and walking. 

After completing the assigned readings, the 
student will participate verbally at least 
three Separate times in a seminar on the 
possible conflict between profit-making and 
the desire for clean air. Then, the student 
will select from a list, two aspects of the 
:onfict that exists between the desire for profits 
and the desire for clean air. 



At this time take the pre-test. 
Obtain a copy from your teacher 



■'n-r rr:^>V T'^-^ •'"'If 

ACTIVITIHS 



Bohav iora 1 
Objective 

Number Concept 1 Required Activities: 

1 A. Read pages 92-95 and 100-109 in Progress and 

the Environment. This reading assignment will 
aid you in understanding all four behavioral 
objectives. 

1&2 B. As a result of all the activities in the air 

pollution packets, you should now realize that 
zero air pollution is highly impractical. Air 
quality standards, either local or national, 
as in the 1970 Clean Air Act, are levels for 
tolerating air pollution. Write a one page 
essay, including the following: 

1. A definition of the term tolerance levels 
in air pollution. 

2. At least two reasons why tolerance levels 
must be accepted in our effort for clean 
air. 



This assignment is asking you to draw certain 
conclusions as to why man should accept some 
levels of air pollution. 



Concept II Required Activities: 



A. Participate in a group experiment to determine 
if modern man is willing to change his life 
style to help reduce air pollution. Your 
instructor will provide the Data Sheet 1 and 
further instructions for this experiment. 

B. Participate in a group discussion on the topic 
of reduction of air pollution as a result of a 
change in lifestyle through car pools, bicycling, 
and walking. The results of the group experiment 
(activity II A) will be discussed at this time. 



Concept III Required Activities: 

A. Participate in a group discussion on the possible 
conflict between profit making and the desire for 
clean air. The reading of activity I A will 
help you prepare for this seminar. 



o 
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3*Sc4 B. A video- tap i;i available at this time. The 

speaker is Dr. Robert Karsach from the Committee 
for i:nvironmei\tal Information. Unlike the 
other speakerjj, who represented industry. Dr. 
Karsch is a member of an environmental group 
active in trying to present the environmental 
aspects of air pollution. Before viewing the 
video-tape, see you instructor so as to obtain 
the Data Sheet 2 for this activity. 



At this time take the post test. 
Obtain a copy from your teacher. 



3 



DATA SHKKT 1 
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Group oxperiment on the use ot the automobile. 

1. Do you consider your use of the family automobile to be a 
contributing factor to air pollution? 

Yes No 

2. Do you drive an automobile to school? 
Yes No 

3. What do you consider to be a reasonable number of automobiles 
for a family in today's society? 

One Two Three Four Five 

4. What do you consider to be a reasonable distance to walk 
before it is necessary to drive a car? 

One Block Four Blocks One-Half Mile 

One Mile Five Miles Ten Miles 

5. How many times have you walked or ridden bicycle (instead of a 
car) within the past three weeks? 



DATA SI IK HIT 2 



Video-tape presentation by Dr. Robert Karsch from the Conimittee 
for Finvironimental Information, 



List the main points Dr. Karsch emphasizes in his speech with 
respect to: 



1. Air monitoring sites 



2. Obtaining facts 



3. Fluorides and the way two communities handled the sitution 



What aspect-s of air pollution does Dr. Karsch discuss that were 
not emphasized by the two previous speakers, which represented 
industry? You will have to refer back to the data sheets for 
the two speakers. 
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A Citi/c-ns Guide to fli.-.m Ai f, Trie Conservation Foundation, 
1717 Massachusetts Ave, N. v ., Washington, D. C. 20036, 1972. 

Knvironmental Pollut.ion. Pr<'ntice Hall, 1972 

Progress and the Hnvi mt u non t : Wat er and Air Pollution. By 
Shaver, Uirkins and I'nrt il, Houghton Mifflin, 1973 



Periodicals : 



Although no specific article from a periodical is mentioned in 
this biliography, the following periodicals are recommened for 
research . 



Environment 



Intellectual Digest 
Newsweek 
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